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GENERAL INTRODUCTION 
Explanation of dissertation format 
The presentation of this dissertation uses the alternate format 
approved by the Graduate Faculty of Iowa State University in 1979. With 
this format there is a general introduction, followed by papers prepared 
for submission to academic journals and an overall discussion of the 
entire dissertation. The references in the final literature cited are 
those used in the general introduction and summary sections. 
As a result of current emphasis on the need for information on 
multipurpose trees for on-farm planting, this dissertation consists of 
papers dealing with several aspects of research on Sesbania sesban (L. 
Merrill) provenances. The dissertation therefore covers: 
1. Pretreatraent and germination of seeds 
2. Provenance variation in fuelwood characteristics and symbiotic 
effectiveness 
3. Performance of the provenances at 2, 5 and 8 months 
4. Heritability and genotypic correlation estimates 
5. Genotype x environment interaction. 
The research was funded by the Rockefeller Foundation under their 
African Dissertation Internship Award Program. Research work, most of 
which was done in Kenya, was started by the author in 1989. The germ-
plasm collection used in this research was procured from ILCA in Addis 
Ababa and KEFRI, Nairobi, Kenya. Of the six sites used for field 
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planting, four were within KEFRI Research stations, one was on Moi 
University grounds and one on the farm of the author's parents. 
Throughout the research, technical advice was given by Dr. R. B. 
Hall of ISU and Dr. F. Owino of IGRAF, Nairobi. Statistical advice was 
given by Dr. C. Mize, Dr. P. Hinz, and Dr. D. F. Cox, all of ISU. 
Study extent 
• The pretreatment and germination study was carried out at the Iowa 
State Seed Laboratory. The provenances used in this study were four 
Kenyan provenances, seeds of which had been sent by KEFRI Seed Centre. 
The pretreatraents included hot water treatment at varying temperatures, 
sulphuric acid soaks at different lengths of time and a 24 hour tepid 
water soak. Performance was assessed by germination counts at 14 days 
and also by the rate of germination. 
The rest of the research was based on a total of 30 provenances with 
origins ranging from Pakistan, India, Egypt, Kenya and the Congo. 
Because of a short supply of seeds of any one provenance, not all were 
planted at all six test sites, although each site had 20 provenances 
planted on it. The six test sites included Got Ramogi and Ratta, both in 
Western Kenya; Eldoret and Turbo in the Rift Valley; Muguga in Central 
Kenya and Machakos in the East. Both Got Ramogi and Machakos are 
classified as semi-arid regions and the others as sub-humid or semi-
humid . 
Data were collected at all six sites at 2, 5 and 8 months after 
transplanting. The two month measurements were done at the cessation of 
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the long rains and the final one after the short rains. Measurements 
done in the field included measurements of height, basal diameter, number 
of branches, length of live crown, lengths of the two longest branches 
and a grading for foliage abundance at 2, 5 and 8 months of age. 
Additional measurements done only at 8 months for a determination of 
volume included diameter and lengths of all branches that could qualify 
for firewood. Estimation of moisture content and dry wood densities were 
done in the laboratory using samples obtained in the field. 
The nodulation study was carried out at the Moi University Forestry 
Department's teaching nursery and in the laboratory. 
Soil samples were collected from each site and sent to the National 
Agricultural Laboratories for detailed analysis. All other data were 
personally obtained from the different sites with the assistance of Moi 
University technicians and KEFRI personnel at the different stations. 
The data were subjected to statistical analysis using the Statistical 
Analysis System guide (SAS Institute Inc., 1985). 
Statement of the problem 
With the first oil crisis of 1972-73, most countries realized the 
urgent need to develop alternative sources of energy, including accel­
erated afforestation (Owino, 1989). The need for accelerated afforesta­
tion arises because of the extensive deforestation that has occurred, 
especially in the tropics, coupled with increasing population and limited 
agricultural land. It was, therefore, deemed necessary that biomass 
energy should be produced from forests and within farms. Thus, the 
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International Development Research Centre (IDRC) report recommended that 
the development of integrated land use, which embraces both agriculture 
and forestry production, was most desirable in the tropics (Berre et al., 
1977). This is what we know today as Agroforestry. Young (1989) states 
that "agroforestry is a collective name for land-use systems in which 
woody perennials (trees, shrubs, etc.) are grown in association with 
herbaceous plants (crops, pastures) and/or livestock in a spatial 
arrangement, a rotation or both, and in which there are both ecological 
and economic interactions between the tree and non-tree component of the 
systems." For an efficient agroforestry system it is, therefore, neces­
sary to plant such a tree species that have multiple uses, such as fodder 
production and soil improvement capabilities. Such tree species are 
referred to as multipurpose tree species. Burley and von Carlowitz 
(1984) define multipurpose trees as "those which are deliberately grown 
in, kept and managed for preferably more than one intended use, usually 
economically and for ecologically motivated major products and/or 
services in any multipurpose land use system especially agroforestry 
systems." 
There is potential for even more substantial benefits from multipur­
pose trees through genetic improvement. Many of these trees are rapid 
growing legumes that fix atmospheric nitrogen, have the ability to 
coppice, produce fruits or nuts, forage for livestock, medicines, 
extractives, such as resins, poles, timber, and provide shade for 
pastures. Little is generally known about the biology, genetic variation 
and requirements of tropical multipurpose trees (MPTs) due to their 
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recent inclusion in planting programs and the relatively modest means 
available for research (Palmberg, 1986). The need for information is of 
even greater urgency now because of the rapid and progressive loss of 
forest cover that may threaten some of the wold genetic base for these 
species. 
One of the most promising MPT species for use in Kenya and similar 
regions of Africa is the legume Sesbania sesban. S. sesban is a fast 
growing, short-lived tree that regenerates rapidly after pruning or 
cutting, fixes nitrogen and provides fuelwood, fodder and fibre (NAS, 
1980). Foresters, however, currently have little enthusiasm for genera 
like Sesbania, whose shrubby form, low-density wood, short fibre, limited 
life span and irregular habit give the trees little glamour (Brewbaker, 
1989). Brewbaker, however, predicts with absolute certainty that genetic 
improvement can be achieved with Sesbania and suggests that breeding 
should focus on enhancement of fodder and wood qualities, such as den­
sities and durability, for which species hybridization may be essential 
for genetic progress. Most of the studies to date have concentrated on 
trials at the species level rather than at the provenance level. 
It is with this background that the decision to undertake the work 
presented in this dissertation was made. The main objective was to study 
the variation present within the species and to be able to identify the 
best seed sources. The study of variation gives practical value to seed 
source selection as well as extending knowledge. Large variation within 
seed sources may offer good chances for rapid improvement of the species. 
The seeds used in this study have a broad genetic base. This is because 
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each provenance collection (also referred to as an accession) is com­
prised of seeds collected from several plants in the area of collection 
and pooled together to constitute an accession. With a total of 30 
provenances represented, this gives a wide enough genetic base to study 
variation, thereby giving basic information for future, more intensive 
improvement programs. It should be noted that the Word accession rather 
than provenance is used in most places in this dissertation. This is 
done because in places like Pakistan, India and Egypt (sources of some of 
the seeds used in the study), it is not clear from the literature whether 
S, sesban is native or semi-naturalized in these places. In addition, 
the exact locations of collection (beyond country) for several batches of 
seeds used in the study are unknown. 
In summary, therefore, the following are addressed in this disser­
tation: 
1. Presence or absence of variation among the provenances. 
2. Patterns of variation of the provenances at the six different 
sites. 
3. Amount of genotypic correlations present among some of the 
traits. 
4. Inheritance levels of some of the traits. 
5. Genotype-environment interaction and its role in selection. 
5. The importance of all the above information on genetic improve­
ment programs for Sesbania sesban. 
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Background information on Sesbania sesban 
The genus Sesbania consists of about 55 species (Murphy, 1989), is 
pantropically distributed and is in the family Leguminosae, subfamily 
Papilionoideae and tribe Robinieae (Evans and Rotar, 1987). Thirty-
three species are recognized as occurring in Africa (Gillett, 1963) and 
ten species in Australia (Burbridge, 1965). Of the species in Africa, S. 
sesban is one of the most recognized. Townsend (1973) reported that in 
addition to tropical Africa, S. sesban is also cultivated and semi-
naturalized in Cyprus, Egypt, Arabia, Bahrain, Iran, Pakistan, Afghanis­
tan, India, Sri Lanka, Burma, Thailand, Java, Australia and South 
America. In countries like Kenya, it is found growing wild (Dale and 
Greenway, 1961) and seems to have originated in such countries (Murphy, 
1989). However, certain varieties of S. sesban such as var. sesban, 
which is locally naturalized in Ethiopia, is believed to have been 
introduced from India (Tothill et al., 1989). Thomson (1989) reports 
that S. sesban specimens were collected as early as 1888 in Australia 
where it is regarded as indigenous, though there are arguments by 
Burbridge (1965) that it is a recent arrival possibly introduced by human 
visitors. The exact origin of the S. sesban complex is uncertain, but it 
is now pantropically distributed, largely because of its use in cultiva­
tion (Ngarm and Gutteridge, 1989). 
Sesbania sesban (Linn.) Merrill (synonym Sesbania aegyptiaca (Poir.) 
Pers) is a shrub or small tree that is a fast growing, short lived 
perennial, copiously branched, with pinnate leaves, pale yellow flowers 
and slender, slightly twisted seedpods up to 25 cm long and containing 
8 
many seeds (NAS, 1983). The S. sesban complex has base chromosome 
numbers (x) ranging from 6-14 (Evans and Rotar, 1987), and there are 
cases of both tetraploids and diploids (Brewbaker, 1989). Sesbania is 
pollinated by many tropical bees, and the pollen grains are shed singly 
and in abundance. The perennial species are assumed to be largely 
outcrossing whereas the annuals are expected to be selfers. Few data, 
however, exist from hand-pollinations that would validate the presence of 
self-incompatibility or of self-fertility in the genus (Brewbaker, 1989). 
Sesban grows under a wide range of edaphic conditions (NAS, 1983; 
Murphy, 1989; Onim et al., 1989; Kwesiga, 1989; Oduol, 1989; Hussain, 
1989). It tolerates acid soil, periodic flooding and waterlogging, and 
can endure 0.4-1.0 percent salt concentration in the seedling stage and 
0.9-1,4 percent near maturity (NAS, 1983). Teel (1984) reports that it 
is a soil stabilizer and grows well in swampy areas. In Zambia it is 
found mainly along river valleys and seasonally waterlogged depressions 
on the plateau (Kwesiga, 1989). Sesban is known for its nitrogen fixing 
ability and hence for improvement of soil fertility. There are impres­
sive reports of soil improvement through intercropping with this species 
in Kenya's Siaya and Kakaraega districts (Rocheleau et al., 1988). 
S. sesban may grow from sea level to 2,000 m above sea level (Oduol, 
1989). In Pakistan, it is known to grow at 300-500 m while in India it 
grows up to an altitude of 1,200 m (NAS, 1983). Temperature and rainfall 
requirements in Pakistan are 10°C-45°C and 350-1,000 mm, respectively. 
In Kenya, it thrives mainly in the midlands (900-1800 m) with a tempera­
ture range of 20-24°C and rainfall of 800-1600 mm but may be found as 
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high as 2150-2450 m above sea level and as low as 0-900 m above sea level 
(Teel, 1988). 
S. sesban has many uses. There are several reports of its use for 
fuelwood (von Carlowitz, 1989; Teel, 1988; NAS, 1983; Onim et al., 1989; 
Singh, 1989; and Evans and Rotar, 1987), and that may be the major use in 
East Africa. It is also used as animal fodder in Western Kenya (Onim et 
al., 1989) and in South and Southeast Africa (Ngarm and Gutteridge, 
1989). Other uses of Sesban include: food, edible flowers and leaves; 
medicinal, treating eye disease, scorpion stings, boils, reducing fevers, 
etc. [It has astringent (from juices of roots and leaves and bark 
extracts), anthelminthic (leaves), antibiotic (leaves, bark and roots), 
contraceptive and arborifacient (flowers) and antitumoric (seed extracts) 
qualities.] house construction material, hunting arrows, and fibre among 
other uses (Onim et al., 1989; von Carlowitz, 1989; Teel, 1984; NAS, 
1983; Weerakoon, 1989). It is also known as a source of gum exudates 
(Anderson, 1989). Sesban makes a good shade tree in many instances. For 
all these reasons, it is a very popular tree among farmers in India 
(Hedge, 1989) and is one of a few Kenyan trees already being used as an 
agroforestry tree (Teel, 1984). 
Genetic improvement in S. sesban 
All beginning tree improvement programs on S. sesban are still on 
step number 1 of Zobel and Talbert's (1984) five step improvement 
process, determination of the species or geographic sources within a 
species that should be used in a given area. The work is still limited 
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because germplasm availability is still generally poor. This is because 
germplasm collections are extremely limited and include very few inten­
tional field explorations (Wood and Larkens, 1987) and also commercial 
sources are poorly documented and of unknown quality (Macklin, 1989). 
Seed collections have been undertaken by ILCA in Africa, University of 
Hawaii and CSIRO in Australia. The only systematic collections are those 
of ILCA in Tanzania (Macklin, 1989). For genetic improvement programs, 
seed collections should adequately sample a taxa's range to ensure 
representation of the total genetic resources (Palmberg, 1986). 
Brewbaker (1989) points out that germplasm collections of the 
Sesbanias would be made much more wisely if their breeding systems were 
known. He further states that where self-fertility occurs, individual 
collections from superior trees would be justified but where self-
incompatibility occurs, bulked seeds would be preferable. He stresses 
the need for knowledge of the genus pollination biology and breeding 
systems for better planning of genetic improvement programs. 
Genotype x environment interaction 
A variable that is of key importance in studying genetic improvement 
is commonly referred to as genotype x environment interaction (Zobel and 
Talbert, 1984). They describe it as resulting from "change in the 
performance ranking of given genotypes when grown in different condi­
tions." Genotype x environment interaction is a source of variation of 
phenotypic values which in most analyses is inseparable from environ­
mental variance (Falconer, 1960). Wright (1976) states that if the 
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interactions are large and can be interpreted sufficiently to permit 
forecasts of where particular genotypes will excel or grow poorly, the 
interactions cannot be ignored. Burdon (1977) questioned whether 
selection should be based on the best genotypes for individual environ­
ments or for genotypes that have average performance across locations. 
Kung and Clausen (1980), when working with white ash, reached the 
conclusion that a forester should choose the site first and the best seed 
source second to obtain fast growing plantings. However, for most large-
scale tree improvement programs, the major objective is to develop widely 
adapted strains of trees that can be used over many environments (Zobel & 
Talbert, 1984). The major disadvantage with such stable genotypes is 
their inability in certain cases to take advantage of an improved or 
favorable environment. Too often the best seed source is selected for a 
certain site and then is grown in other environments. Knowledge is, 
therefore, needed about how stable a given genotype is when grown in 
quite different environments (Hanson, 1970). Genotype x environment 
interactions in tree breeding have been reviewed by several authors 
(Zobel and Talbert, 1984; Bridgewater and Stonecypher, 1978; Burley and 
Kemp, 1972; Shelbourne and Campbell, 1976; Squillace, 1970). 
Techniques of estimating GxE interaction 
Several techniques have been developed to show the importance and 
magnitude of genotype x environment interaction. These include very 
simple techniques that only indicate the presence or absence of an 
interaction and more complex ones that are able to characterize genotypes 
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as to their stability across environments. A very simple and preliminary 
technique of determining the presence of genotype-environment interaction 
is by using the rank position of each of the various phenotypes in each 
of various sites or environments. If there is a change in ranking from 
one site to another among the genotypes, there is an indication of 
interaction. However, the major disadvantage with this technique is that 
there is no statistical evidence that the changes are significant. 
Earlier statistical approaches were based on simple analysis of variance 
(Comstock, 1960; Comstock and Moll, 1963), which would indicate presence 
or absence and magnitude of the interaction. More sophisticated tech­
niques, that show stability or instability of genotypes, have been 
developed over time from the principle of variance analysis. Owino 
(1977) recognized three trends that the stability analyses had followed 
in development for practical applications. Onokpise (1984), however, 
grouped them into five classes. 
Both Owino (1976) and Onokpise (1984) recognized the group of 
techniques that aim at determining individual contributions to the 
genotype x environment interactions sums of squares in analysis of 
variance. Included in this group is the method proposed by Plaisted 
(1959) which involves individual genotypes being eliminated one at a time 
from the general analysis, and the resulting reductions in genotype x 
environment interaction variance being their proportionate contribution. 
Similar methods were developed by Wricke (1962) and Skukla (1972) who 
called their stability parameters as "ecovalance" and "stability vari­
ance", respectively. 
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Another way of using the principle of variance analysis is through 
the regression of the genetic values on the environments. The regression 
analysis method was developed and applied by Finlay and Wilkinson (1963) 
based on the principles of Yates and Cochran (1938). The method basical­
ly involves linear regression of individual values of a given charac­
teristic of each genotype on the overall mean of each site (environmental 
index). The method is effective in emphasizing the actual trend of 
responses to a range of environments. Finlay and Wilkinson (1963) 
recognized the regression coefficient (b) and the individual genotype 
mean over all environments as the two most important indices. When 
b = 1, the genotypes are said to have average stability. In cases where 
b = 0, the genotypes have perfect stability thereby showing stable 
performance in the environments tested. When b > 1 and b < 1, then the 
genotypes have below average and above average stabilities, respectively. 
Eberhart and Russell (1966) developed a similar technique. Hardwick and 
Wood (1972), however, suggested that factors of the environment that are 
important physiologically to the species be used instead of the index. 
In this study the method developed by Finlay and Wilkinson has been used 
because it is simple and yet effective in emphasizing the pattern of 
genotypic response to a range of environments. 
The regression method was further extended by Tai (1971) who 
believed that the method previously discussed introduced a forced covari-
ance that complicates interpretation. He, therefore, used structural 
analysis to calculate a pair of stability parameters in his study with 
potatoes. Hanson (1970) developed a method that makes use of Euclidian 
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distances to derive "relative genotypic stability" and "comparative 
genotypic stability." 
The method of genetic correlations between environments developed by 
Falconer (1952, 1981) considers genotypes and environments together. His 
work with mice regarded the performance in two different environments as 
two different traits. The method was extended for use in tree breeding 
by Surdon (1977) and allows the breeder to compare the value of different 
environments. 
Finally, based on earlier works, Shelbourne and Campbell (1976) 
suggested the use of multivariate analysis in the grouping of environ­
ments . Grouping of sites is important in tree improvement because it may 
define breeding zones while the grouping of the accessions may show 
certain geographic patterns in the species. 
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PART 1. PRETREATMENT AND GERMINATION OF 
SEEDS OF FOUR KENYAN PROVENANCES OF 
SESBANIA SESBAN var nubica (L.) MERILL 
16 
Pretreatment and germination of seeds of 
four Kenyan provenances of 
Sesbania sesban var nubica (L.) Merill 
R. Nyagoy Nyong'o 
The author is Lecturer, Department of Forestry, Moi University, Eldoret, 
Kenya. This paper is part of a Ph.D. dissertation of the author. The 
work was supported by the Rockefeller Foundation under the African 
Dissertation Internship Award. 
Paper prepared for submission to Seed Science and Technology. 
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INTRODUCTION 
Seeds of most tree species will germinate upon exposure to the right 
humidity and temperature conditions, but some will not until they have 
undergone a physiological change (Toumey and Korstian, 1942). Seeds of 
trees in the Leguminosae family normally exhibit delayed germination 
because their seedcoats are thick and impermeable to water (Rolston, 
1978; Gunn, 1981). Species like Acacia xanthophloe and Trachylabium 
verrucosum have seed coats that are impermeable to water and require 
pretreatment (Kariuki and Powell, 1988). However, in nature a number of 
external factors, like microbes, fire, animals, and alternate wetting and 
drying, may work more or less slowly to end seed coat dormancy. In most 
species from moist tropical forests, dormancy is not a problem, but in 
species of the drier tropics seed coat dormancy is common and some form 
of pretreatment is necessary (Willan, 1985). It is especially common in 
species adapted to alternating dry and wet seasons, such as Acacia, 
Prosopis, Ceratonia, Robinia, Albizzia, and Cassia (Willan, 1985). Most 
Sesbania seeds also have impermeable seed coats and require scarification 
(Evans and Rotar, 1987). Sesbania sp in Western Kenya were found to have 
a high incidence of dormancy (Otieno et al., 1989). The Kenya Forestry 
Research Institute has experienced problems during germination of both 
Sesbania grandiflora and Sesbania sesban (Wanyondu, 1989). 
Seed coat impermeability allows for survival over time (Trivedi, 
1955) and helps to assure that germination occurs when an abundance of 
water is available for growth (Evans and Rotar, 1987). Much research 
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has, however, gone into devising effective artificial treatments to 
remove dormancy in order to ensure that seeds germinate quickly and 
evenly in nursery beds. However, the benefits of pretreatment (savings 
in seed and seed bed space, predictable and concentrated period of 
transplanting, and more uniform stock), need to be weighed against cost 
and trouble of treating (Willan, 1985). 
In India water soaking treatments of 2-48 hours accelerates germina­
tion in Acacia mearnsil, A. melanoxylon. Acacia nilotica subsp kraus-
siana, AdenanChera microsperma, Albizia amera, Albizla procera, Grevillea 
robusta and Trewia nudiflora (Pattanath, 1982) (as cited by Willan, 
1985). Hot water treatment has given good results with a number of 
leguminous seeds (Kemp, 1975). With Acacia mangium seeds in Subah, an 
initial water temperature of 30°C gave 5% germination and when water at 
100°C was used germination rose to 91% (Bowen and Eusibio, 1981). For 
some species, soaking in concentrated sulphuric acid is more effective 
than hot water. Tropical species such as Acacia albida, Acacia nilotica, 
Acacia Senegal, Parkia Javanica and Dialium maingayi, respond well to 
concentrated sulphuric acid (Laurie, 1974; Sasaki, 1980). Sesbania 
soaking in concentrated sulphuric acid followed by thorough rinsing in 
water is effective for research purposes, however, hot water treatment 
may also be effective (Evans and Rotar, 1987). Seeds of Sesbania grandi-
flora germinate well without scarification but that a 15 minutes soak in 
sulphuric acid assures a more rapid and even germination (Evans and 
Rotar, 1987). Seeds of most Sesbania, however, germinate well when 
scarified for 30 minutes with sulphuric acid, although some may require 
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more time (Evans and Rotar, 1987). Sesbania sesban had the highest 
germination percent (80%) after treatment with concentrated sulphuric 
acid for 15 minutes, while soaking with hot water followed by cooling for 
12 hours gave a germination percent of 60% and the lowest germination 
percent was with soaking in cold water for 24 hours (Wanyondu, 1989). 
Another factor that may affect germination in seeds is seed size. 
Within a given species, large seed is as a rule of higher quality than 
small seed in terms of germinative power and seedling vigour (Tourney and 
Korstian, 1942). Difference in size of seeds within a species is due to 
individual variation, fullness of crop in different seasons and dif­
ference in site, trees on good sites producing larger seeds than trees on 
poor sites (Toumey and Koustian, 1942). The latter differs from the 
trend found in the temperate trees where trees from dry areas usually 
have larger seed (Wright, 1976). 
Germination being the chief factor determining density of seedling 
stands in both nursery practice and direct seeding (Toumey and Korstian, 
1942), it is important to find means of breaking seed dormancy in a 
species. In general, the strength of dormancy has been observed to vary 
according to latitude and provenance (Willan, 1985). However, little is 
known of the best treatments to overcome dormancy in S. sesban and the 
presence of any provenance variation in response to the treatments has 
not been evaluated. The research reported here is from a study performed 
to examine the effect of different pretreatments on the germination of 
seeds of four provenances of S. sesban. The provenances are from Kitui, 
Kitale, Kakamega, and Muringato, in Kenya (Table 1.1). 
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Table 1.1. Climatic details of provenance' origins of S. sesban used in 
the study 
Source Kitui 
Provenances 
Kakamega Kitale Muringato 
Altitude (m) 
Average annual 
rainfall (mm) r 
Average annual 
potential 
evaporation (mm) E° 
r/E°(%) 
Classification 
900-1200 1500-1850 1850-2150 2150-2450 
450-900 1100-1700 800-1400 1000-1600 
1650-2300 1200-2000 1450-2200 1300-2100 
24-40 80 
semi-arid humid 
50-65 65-80 
semi-humid sub-humid 
Mean annual 
temperature (°C) 24-30 
Classification warm 
18-20 
warm 
temperate 
16-18 
cool 
temperate 
14-16 
fairly 
cool 
General 
description midlands midlands 
lower 
highlands 
lower 
highlands 
^Information from Agroclimatic Zone Map of Kenya (Kenya Soil Survey 
1983) and A pocket directory of Trees and Seeds in Kenya (Teel, 1984). 
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MATERIALS AND METHODS 
Open-pollinated bulked seed collections from Kitale, Kitui, Kaka-
raega, and Muringato in Kenya, were sent by the Kenya Forestry Research 
Institute's (KEFRI) Seed Center to Iowa State University, where the 
experiments were conducted. 
Seed weights were determined in grams for five samples each of 100 
seeds per seedlot. The numbers per kilogram were then estimated. Two 
experiments were carried out at different times. The seeds from each 
seedlot were divided into four replications per treatment, with 100 seeds 
per replication. The seeds from both experiments were placed on top of 
moist blotters on shallow trays which were then placed in a randomized 
block design in a cabinet-type germinator. The germinators are capable 
of maintaining temperature, humidity and light conditions. Daytime tem­
perature at 30°C and nighttime temperature at 20°C, humidity of 90% or 
more at any one time with 8 hours of light and 16 hours of darkness per 
day. Daily germination counts were made in both experiments up to day 
14. 
Experiment 1 
This experiment consisted of four pretreatment methods: 
a) Control (seeds were kept dry until placed for germination) 
b) A 24-hour soak in tepid water 
c) A 1-hour soak in 80°C hot water (seeds were put in hot water 
and left to cool in the water for 1 hour) 
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d) A 12 hour soak in 80°^ hot water (seeds were put in hot water 
and left to cool in the water for 12 hours). 
Experiment 2 
This experiment consisted of five pretreatment methods: 
a) Control 
b) A 24-hour soak in tepid water 
c) A 1-hour soak in 100°C hot water (seeds were put in water of 
100*0 and left to cool for 1 hour) 
d) A 15-minute soak in concentrated sulphuric acid 
e) A 30-minute soak in concentrated sulphuric acid. 
Results were analyzed using analysis of variance. 
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RESULTS 
Table 1.2 shows the weight of 100 seeds and the estimated number of 
seeds per kilogram. 
Table 1.2. Weight of seeds of S. sesban provenances 
Weight of 100 seeds Estimated number 
Provenance (g) per Kg 
Kitui 0.74 135,135 
Muringato 0.94 106,383 
Kitale 0.99 101,010 
Kakamega 1.11 90,090 
Experiment 1 
After 4 days of incubation, over 50% of the Kitui and Kitale seeds 
had germinated after the 1-hr hot water treatment, over 50% of Muringato 
and Kitui seeds germinated after the 12-hour hot water treatment, and 
also over 50% of Kitui seeds germinated after the 24-hour soak. Mean­
while, the control had: Kitui (40%), Kitale (less than 10%) and no 
germination with Muringato nor with Kakamega. Table 1.3 shows mean 
germination percent at the end of the experimental period. 
Of the 4 provenances Kitui performed the best over all treatments, 
with a mean germination of 78.2%, while Kakamega had the lowest mean 
germination of 21.1%, though it did better than Muringato in two pre-
treatments. Of the pretreatments, the 12-hour soak in hot water had the 
highest germination across all provenances with an overall mean of 62.8%. 
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Table 1.3. Mean germination of seeds of S. sesban under different pre 
treatment methods 
Pretreatment Kitui Kitale Kakamega Muringato Mean 
Control 74 .8 20 .0 10, .7 2 .0 26 .9 
24 hrs. tepid water soak 79, .5 23, ,0 10, .0 2, .5 28, .8 
1-hr. hot water soak (80°C) 78, .7 55, ,2 25, ,2 46. 7 51. ,5 
12-hr. hot water soak (80°C) 79. 7 61, ,5 38, ,5 71. ,5 62. ,8 
Mean 78, 2 39, ,9 21. ,1 30. 7 42. 5 
The ANOVA showed that the provenance difference was significantly 
affected by pretreatment types and that pretreatment effects differed 
significantly with the provenance tested (PR > F < 0.01). 
Experiment 2 
One day after sowing, 70% of Kitui seeds that had been soaked in 
tepid water for 24 hours had germinated [Fig. 1.1(a)]. All the other 
provenances over all treatments started germinating on day 2 [Fig. 1.1 
(b-d)]. Under the tepid water treatment Kitui completed germination by 
day 5 (77%). The highest germination percent recorded was the hot water 
treatment on Muringato seeds (Table 1.4). The lowest percent germination 
also occurred with Muringato seeds with the tepid water treatment and the 
control. As in experiment 1, ANOVA showed that pretreatment effects were 
significant (PR > F = 0.06) as were provenance effects (PR > F < 0.01). 
Overall, the hot water treatment had the highest mean germination 
while control had the lowest. 
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Table 1.4. Mean germination of seeds of S. sesban var nubica under 
different pretreatment methods 
Pretreatment Kitui Kitale Kakamega Muringato Mean 
Control 72 23 22 4 30 
24-hr. tepid water soak 77 25 25 4 33 
1-hr. hot water soak (100°C) 72 75 65 84 74 
H2S04 soak 15 minutes 63 79 76 42 65 
H2S04 soak 30 minutes 12 39 73 28 38 
Mean 59 48 52 32 
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Cumulative germination percentages of seeds of four 
provenances of Sesbania sesban var nubica during a 14-
day germination test using four pretreatments. 
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DISCUSSION 
Provenances 
The size of seeds did not seem to have an effect on germination, 
because Kitui with the smallest seed had the best performance while 
Kakamega had a poorer performance but with the largest seeds. The 
species, therefore, does not seem to follow the rule that large seeds are 
of higher quality in terms of germinative power. However, the comparison 
of seed size may have been more valid if they were seeds of different 
sizes but from the same provenance. The fact that the seeds studied were 
from different sites (dry versus moist) may far supercede the differences 
in sizes, especially in a species like this of wide range where average 
seed size in one area may be twice as large as in another. In such a 
case, size may not necessarily be an indicator of quality. 
The results show clearly that there are distinct differences in 
dormancy and germination of seeds from the four provenances. Kitui 
provenance seems to have little or no dormancy since seeds in both • 
experiments had equally high germination percentage,whether pretreated or 
not, although onset of germination took longer in the control. A 
climatic rationale may be associated with the response of these seeds. 
In the Kitui area, temperature is always sufficiently high to permit 
germination provided there is sufficient moisture. However, it is the 
latter which is frequently the determining factor where biological 
processes are concerned. This provenance also had the fastest germina­
tion rate, germination starting as early as 1 day after incubation with 
the tepid water treatment. This can be associated with the fact that for 
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Kitui, being a semi-arid area with a short annual rainy season, seeds 
have to take advantage of the first signs of moisture and the short 
growing season. On the opposite side of the scale, we have Muringato 
provenance. This provenance performed poorly under all pretreatments 
except for the 1-hour hot water at 100°C and 15 minutes in acid. The 
rationale may be associated with the fact that Muringato is a high 
altitude region (Table 1.1) with low temperatures but adequate annual 
rainfall. The limiting factor to growth, therefore, could be the low 
temperatures and that may explain the better response to hot water 
(100°C) than to 24 hour tepid water soak or the 80°C hot water soak. 
Seeds from Kakamega provenance show interesting responses to the dif­
ferent treatments. The seeds seem to be resistant to all types of 
treatments except to harsher treatments like the 100°C hot water soak and 
the acid soaks. Unlike the other provenances, longer exposure to the 
acid causes no marked reduction in germination percent of Kakamega seeds. 
Kakamega seeds were found to have thicker seed coats than both Kitui and 
Kitale. This characteristic may be as a result of the fact that Kakamega 
is humid and warm; thus, neither moisture nor temperature are limiting 
factors to growth. So, it is important for the seeds to have thicker 
impermeable seed coats to avoid pre-mature germination. Muringato, 
Kitale and Kakamega provenances clearly show that they have seed coats 
that are to some extent impermeable to water and therefore require pre-
treatment. 
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Pretreatments 
Hot water 
This treatment was effective in enhancing germination of seeds of 
all the provenances. Apart from the Kitui provenance, high values (>60%) 
were not obtained with 80°C 1 hour soak. The values increased when the 
soaking time was increased to 12 hours and all but Kakamega obtained 
germination of over 60%. The results show that with hot water 12 hour 
soak (80°C), Kakamega and Kitui had germination of 38.5 and 79.7% whereas 
Wanyondu (1989) had 61% and 54%, respectively, under the same conditions. 
Results with the hot water pretreatment have sometimes been erratic 
(Gavanaugh, 1980; Doran et al., 1983; Tran and Cavanaugh, 1984). When 
the initial hot water temperature was put to 100°G in the second experi­
ment, germination of all provenances, but Kitui, increased significantly, 
most noteworthy being the Muringato and Kakamega provenances. This 
treatment gave the highest germination (84%) over all other treatments 
and with a provenance that had very poorly responded to other treatments. 
This reaction supports Alvarez-Racelis and Bagaloyos (1977), who stated 
that initial water temperature seems to matter. Bowen and Eusebio (1981) 
working on Acacia mangium in Subah also found a relationship between 
initial temperature of water and subsequent germination (5% germination 
at 30°C and 91% germination at 100°C). However, with certain species, 
high temperatures may cause seed mortality. Clemens et al. (1977) saw 
seed mortality ascribable to over-treatment in Acacia snaveoleus for seed 
treated at 100°C as compared to those at 80°C. The period of soaking and 
cooling as has been mentioned seemed to matter, however, showed that the 
31 
period has no effect on germination of Leuceana leucocephala (Alvarez-
Racelis and Bagaloyos, 1977). They got 90% germination with 1 minute 
soaking at 80oC and 89% with 6 hours soaking at the same temperature. 
Hot water treatment is easy and safe to apply but not well adapted to 
large lots because of difficulty in handling and sowing the swollen seeds 
(Heid, 1967). 
Sulphuric acid 
For Kitale and Kakamega provenances, acid treatment was more 
effective than all other pretreatments. Both acid treatments, however, 
were not quite effective on seeds of Kitui and Muringato, pretreatment 
for 30 minutes reducing Kitui seed germination to as low as 12%, one-
sixth of the control (72%). Treatment for 32 minutes in concentrated 
sulphuric acid elicited a high response in Acacia xanthophloe and 
Trachylobium verrucosum and shorter periods (8-16 minutes), a lesser 
response (Kariuki and Powell, 1988). They further found that sulphuric 
acid was not effective on seeds of BrachestigLa spicifdemis, and was 
actually harmful as it led to the death of the seeds. This may have been 
the case with the Kitui seeds, since even without pretreatment, there was 
over 70% germination, yet application of sulphuric acid reduced germina­
tion to 12%. Wanyondu's (1989) work on S. sesban had 15 minutes giving 
best results with Kakamega and Kitui seeds (78 and 81%, respectively) 
which is close to what we have for Kakamega in this study but not for 
Kitui. Reduced germination in Kitui could be as a result of a thin seed 
coat which allows for acid absorption into the seed and eventual death of 
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the embryo. On advantages of using sulphuric acid, Willan (1985) points 
out that very little or no special equipment is required; cost is 
reasonable; acid can be recovered and reused; treated seeds can be held 
for a long time before sowing and seeds are not swollen; therefore, they 
can be seeded mechanically or by hand. However, he points out that 
length of treatment should be carefully determined, temperature carefully 
controlled and the workmen may face hazards. 
Tepid water 
This treatment was only slightly effective on seeds of Kitui 
provenance, while all the others showed little or no response. Willan 
(1985) found 0% germination with both the control and this treatment on 
seed of Leuceana leucocephala. Wanyondu's (1989) results show this 
treatment not to be effective on S. sesban provenances. Her results with 
Kakamega and Kitui provenances were: germination percentages of 11% 
under 24 hour soak and 13% under control, 62% under 24 hour soak and 42% 
under control, respectively. With the Kitui response from both this 
study and Wanyondu's, this treatment may be useful in getting a more 
rapid and even germination in seeds but,may not be very effective for 
scarification purposes. The length of time involved in this treatment is 
a major disadvantage though it is a relatively easy method to use. 
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RECOMMENDATIONS 
The following recommendations may be made from this study: 
1. S. sesban var nubica provenances respond differently to 
different pretreatments, therefore, before any seeding program is 
undertaken, the right pretreatment should be chosen for the respective 
provenances. 
2. In the case of the hot water treatment, care should be taken 
with initial temperature of the water and the length of soaking time 
because both varied with provenances. 
3. Although the sulphuric acid treatment was successful with some 
provenances, it is important to test the percentage of dead seeds at the 
end of experiment to determine the extent of damage by the acid. A 
determination of minimum seed coat thickness that can withstand acid 
treatment might be of importance so that screening provenances for 
pretreatment is made easier. Further research should be done on more 
soaking times to determine optimum soaking time. 
4. Since the tepid water treatment had no effect on germination, it 
may not be necessary for use in most cases except for provenances like 
Kitui where it seems to enhance rapid germination. 
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PART 2. SYMBIOTIC EFFECTIVENESS OF TWELVE 
PROVENANCES OF SESBANIA SESBAN (L.) MERILL SEEDLINGS 
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INTRODUCTION 
The periodic energy crisis has driven up the price of mineral 
fertilizer and developing countries lack the foreign exchange required to 
import it. Therefore, the role of legume-fixed nitrogen has to be 
greatly expanded if world demands for food and forage are to be met (FAO, 
1984). Inoculation is almost always needed when certain leguminous crops 
are introduced to new areas or regions. It is often beneficial to 
inoculate newly developed or introduced cultivars of legumes even though 
the same species may have been grown previously (FAO, 1984). An under­
standing, therefore, of the likely nodulation response is essential for 
successful use of Sesbania sesban as a reforestation species. FAO (1984) 
reports that though nodulation may not guarantee any benefits in terms of 
yield, it results in a beneficial association when soil nitrogen is low. 
Among the multipurpose trees in the tropics, Sesbania has been rated 
as one of the top nitrogen-fixing trees. S. sesban (Linn) Merrill var 
sesbana was first reported as nodule bearing by Athar and Mahmood (1978). 
Sesbania roots are readily infected by the less specific cowpea types of 
rhizobia resulting in a large number of nodules in various edaphic and 
climatic environments (Date and Halliday, 1980). However, Ndoye et al. 
(1989) and Franco et al. (1989), at the Sesbania workshop held at Nairobi 
(March 1989), reported that Sesbanias are specific to certain strains of 
Rhizobia, which was contrary to what was believed previously. Sesban has 
been reported to nodulate very well in Western Kenya (Onim et al., 1989). 
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The amount of nitrogen in the soil may affect nodulation. Small 
additions in the soil enhance nodulation by legumes. Large additions, 
however, seem to depress nitrogen fixation probably due to a low C/N 
ratio in the plant (Skerman, 1977). In the latter case, the nodules 
produced by effective strains of rhizobia remain small and exhibit the 
same characteristics as those produced by ineffective rhizobia (FAO, 
1984). 
In this paper, nodulation is studied in 12 provenances of 5. sesban. 
The basis of the study was to determine if there are benefits that can be 
obtained by inoculating accessions of S. sesban with their specific 
strains of rhizobia. Does S. sesban inoculation enhance its growth and 
yield? Is there any provenance variation as far as response to inocula­
tion is concerned? Nodule count and distribution and plant dry weights 
were measured to help answer these questions and better understand 
nitrogen fixation. Among these was nodule count, which is directly 
related to nitrogenase activity and, therefore, to fixation (Davis et 
al., 1985). Nodule distribution was used, among other things, to 
evaluate the success of the inoculation, evaluate nodulation caused by 
indigenous rhizobium, and reveal possible contamination. There is also a 
relationship between dry weight of the aerial parts of a plant to 
nitrogen content of the forage legumes (Brockwell, 1971). Although Zorin 
et al. (1976) observed that there is no established criteria for deter­
mining when an association between a leguminous plant and a rhizobium 
strain attains maximum symbiotic effectiveness under any given set of 
conditions, it seemed to them logical and a traditional practice to 
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compare the growth of plants dependent on symbiotic nitrogen with that of 
similar uninoculated plants provided with a nonlimiting supply of 
combined nitrogen. "Symbiotic effectiveness" can, therefore, be ex­
pressed depending on a comparison of dry weight or total plant nitrogen 
of inoculated plants to the nitrogen controls (Elkan, 1987). 
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MATERIALS AND METHODS 
Seeds of 11 accessions of S. sesban and one of S. goetzei plus 
inocula prepared from rhizobia collected from their respective roots, 
were sent by ILCA, Ethiopia to the author at Moi University. Seeds of an 
additional two accessions (both Kenyan) were acquired from KEFRI Seed 
Center, Muguga. The experiment was done at Moi University, Department of 
Forestry's teaching nursery. Table 2.1 contains a summary of the seeds' 
countries of origin. 
Table 2.1. Country of origin of accessions used in the study 
ILCA Number Country of Origin 
9164 Ethiopia 
9265 Unknown 
10865 Unknown 
14957 Ethiopia 
15007 Ethiopia 
15019 Congo 
15020 Kenya 
15021 Uganda 
15022 Rwanda 
15025 Pakistan 
15036 Uganda 
15037 Egypt 
Kakamega Kenya 
Kitale Kenya 
Two of the accessions (ILCA nos. 9165 and 14957) did not have enough 
seeds, so their inocula were used for the two KEFRI accessions. All the 
other accessions were treated with their respective inocula, using the 
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slurry method of application (FAO, 1984). The seeds were then sowed into 
polythene tubes, at a rate of five seeds per tube, which had been filled 
with a soil mixture consisting of five parts forest soil (Kapsaret soil), 
NPK fertilizer (18:18:0), one part ballast and one part manure. Thinning 
was done 3 weeks later. The design was a randomized block design with 
three replications and 25 tubes per replication. The treatments were as 
follows : 
NPK (18:18:0) fertilizer was applied in pellet form after one month 
at a rate of 15 pellets per tube immediately after the seedlings were 
thinned to one seedling per tube. The pellets were applied in such a 
manner that they would not come in contact with the seedling root collar. 
Water was then applied to dissolve the pellets. Before the fertilizer 
was applied, a germination count was carried out. 
At 4 months the following measurements, observations and estimates 
were done : 
1. Height (cm) 
2. Leaf color grading 1 = very yellow 
Treatment 
1 .  
2 .  
3. 
4. 
Inocula 
+ 
+ 
Fertilizer 
+ 
+ 
2 = yellowish 
3 = greenish 
4 =• light green 
5 = very green 
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3. Nodule distribution was done by selecting the diagram (Fig. 
2.1) that most clearly represented the root and nodule distri­
bution of typical plants in each treatment. The corresponding 
number was entered; and if there was no nodulation, the number 
"0" was entered. 
4. Nodule count 
5. Fresh and dry weight of both shoot and root of each sampled 
plant. The plant parts were dried at oven temperature of 80°C 
for 24 hours. 
6. Symbiotic effectiveness was determined for each accession where 
Symbiotic effectiveness = dry weight, inoculated/dry weight, 
nitrogen controls. 
Statistical Analysis 
The General Linear Model (GLM) of the Statistical Analysis System 
(SAS) (Helwig and Council, 1979) was used to compute means and mean 
squares. Correlation coefficients were also computed using SAS. 
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Figure 2.1. Nodule distribution check sheet (Taken from PAO, 1983. 
Technical handbook on symbiotic nitrogen fixation. FAO, 
Rome) 
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RESULTS 
Germination 
Germination percentages were lower than expected (Table 2.2), only 
three accessions had values higher than 50%. The low values could be 
attributed to the fact that the seeds had not been pretreated, though 
ILCA documentation did indicate that pretreatment had been carried out 
before dispatching of the seeds. 
Table 2.2. Germination percentages of twelve accessions of Sesbania 
sesban 
Accession Origin Germination (%) 
15022 Rwanda 69 
Kakamega Kenya 66 
Kitale Kenya 46 
15021 Uganda 44 
10865 Unknown 40 
15036 Uganda 35 
15037 Egypt 33 
15020 Kenya 32 
9265 Unknown 31 
15007 Ethiopia 27 
15025 Pakistan 24 
Height 
The overall mean height among the inoculated plants was 52.15 cm 
(Table 2.3). The accessions that had values above the mean were 15022, 
Kakamega and Kitale accessions. The Kitale accession had the tallest 
trees with a mean height of 89 cm while, 15007 (Ethiopia) had a mean 
height of 21.28 which was the lowest. For the uninoculated plants the 
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Table 2.3. Summary of accession means for several characteristics among 
Sesbania sesban accessions that were inoculated 
Shoot Shoot Root Root 
fresh dry fresh dry 
Height Leaf Nodule weight weight weight weight 
Accession (cm) color number (g) (g) (g) (g) 
9265 49 .47 3 .60 4 .97 23.37 4 .75 4 .24 2 .19 
10865 46 .16 4 .08 12, .33 11.46 2 .51 2 .17 0 .78 
15007 21 .28 2 .89 1, .5 9.72 2 .76 1 .95 0 .34 
15019 42, .36 3, .94 4, .86 11.36 2, ,45 4, ,38 1, .89 
15020 45, ,12 3, .00 11. 12 9.81 2 ,69 3, 31 0, .61 
15022 74, .60 3, .83 11. ,55 33.64 6, .30 5, .51 1, .32 
15025 30, .86 3, .44 7, ,80 11,48 2, .09 2. 52 0, ,46 
15036 44. ,30 3, ,22 9. 36 18.36 2. ,42 3, ,38 0, ,60 
15037 23, ,50 3. ,42 4. 83 3.83 0. ,64 1, 40 0, ,24 
Kakamega 68. 42 4. 55 24. 97 35.33 7. 94 7. 11 1. 50 
Kitale 89. 80 5. 00 25. 88 47.19 8. 64 9. 27 2. 29 
Means 52.15 3.75 11.13 23.54 4.70 4.56 1.20 
overall mean height was 63.17 with five accessions lying above the mean 
(Table 2.4). Of these were 15019, Kakamega, and Kitale and, in addition, 
9265 and 15022, with the latter having the highest mean at 99cm. Once 
again the Ethiopian (15007) accession had the lowest mean height. 
Fertilizer effects and accession differences were both found to be 
statistically significant at the 5% level, while there was no fertil­
izer X accession interaction. The plants that had fertilizer applica­
tion in both inoculated and uninoculated treatments were taller in height 
than those that had no fertilizer (Table 2.5). 
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Table 2.4. Summary of accession means for several characteristics among 
Sesbania sesban accessions that were not inoculated 
Shoot Shoot Root Root 
fresh dry fresh dry 
Height Leaf Nodule weight weight weight weight 
Accession (cm) color number (g) (g) (g) (g) 
9265 66 .00 3 .00 6 .50 31 .50 6 .53 5 .75 1 .80 
10865 48 .00 5 .00 2 .12 16 .37 2 .07 2 .00 2, .65 
15007 6 .33 3 .00 0 .50 2 .00 0 .39 0 .50 0 .45 
15019 75, ,75 2, .75 1. ,00 38, .75 6, ,09 5, 00 5. ,75 
15020 52, .25 4 .00 8, .00 18 .50 3 .80 6 .00 0 .78 
15021 63, ,00 3, .00 8. ,30 18. ,65 3. ,30 2. ,08 0. ,53 
15022 99. ,00 5, 00 2. ,83 42. 35 8, ,21 6. ,30 1. ,78 
15025 62. ,50 4. ,50 17. ,17 22. ,50 3, ,43 4. ,50 1. 00 
15036 59. ,30 3. ,66 3. ,00 17. ,50 3, ,96 3. ,00 0. ,94 
15037 47. 58 4. 33 2. 75 7. 08 1. 63 1. 15 0. 34 
Kakamega 89, ,00 3. ,00 32. 75 26. ,50 6. ,14 4. ,71 9, 08 
Kitale 89. 33 3. 00 19. 00 32. 48 5. 65 4. 50 1. 83 
Means 63.17 3.69 8.66 22.24 3.96 4.25 2.18 
Table 2.5. Average height (cm), leaf color, number of nodules and shoot 
dry weight (g) of 4-raonth-old seedlings of twelve accessions 
of Sesbania sesban under inocula and fertilizer treatments 
Inoculated Uninoculated 
+ Fertilizer - Fertilizer + Fertilizer - Fertilizer 
Height (cm) 64 .04 41 .28 80 .00 46 .00 
Leaf color 3 .89 3 .62 3 .60 3 .70 
Number of 
nodules 12. ,23 10. ,11 7. 40 9. ,76 
Dry shoot 
weight (g) 6. 94 2. 36 6. 60 1. 81 
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Leaf Color 
In the inoculated treatment only a few plants of accessions 15007 
and 15020 were observed to have leaves that qualified to be rated a 2 
(yellowish), otherwise all the other plants regardless of treatment rated 
a three and over. The overall mean for leaf color among the inoculated 
plants was 3.75 which lies closer to a light green color. The Kenyan 
accession (Kitale) was the only one with an average leaf color of 5 (very 
green), whereas the Ethiopoian accession had the lowest average at 2.89. 
In general, six accessions had values above the overall mean while the 
other six had values below the mean (Table 2.3). 
For the uninoculated plants, mean leaf color was 3.59 with acces­
sions 10865 (unknown origin) and 15022 (Rwanda) both having an average 
value of 5 (very green) and once again the Ethiopian accession (15007) 
having the lowest average of 0.5 which indicates very yellow plants 
(Table 2.4). 
As far as leaf color is concerned, accession variation was statis­
tically significant at the 5% level. However, fertilizer effects and 
fertilizer x accession variation were not significant at the same level. 
A comparison of leaf color grading between fertilized and nonfertilized 
seedlings can be seen in Figures 2.2 and 2.3. 
Number of Nodules 
There was little variation in number of nodules from one treatment 
to the other, however, noticeable differences were seen among the acces­
sions within any one treatment (Figures 2.4 and 2.5). The average number 
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Figure 2.2. Leaf color of inoculated/fertilized and inoculated/unfertil 
ized seedlings 
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Figure 2.5. Number of nodules in uninoculated/fertilized and uninocu-
lated/unfertilized seedlings 
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of nodules found within the inoculated plants was 11.13 with the Kakamega 
accession having the highest average number at 25.89 and the Ethiopian 
accession with the lowest at 1.5 (Table 2.3). 
The overall mean for uninoculated plants was 8.66 with, once again, 
Kakamega having the highest value at 32.75 and the Ethiopian Accession 
(15007) having 0.5 as the average number of nodules (Table 2.4). Only a 
few plants of 15007 actually produced nodules. 
Statistically, as in the other cases, accession variation was 
significant at the 5% level of significance, whereas, fertilizer effects 
were not (Table 2.4). 
Shoot Dry Weight 
Overall mean dry weight of the shoots among the inoculated plants 
was 4.56 g (Table 2.3) with accession 15022 (Rwanda) weighing the most at 
10.20 g followed by the Kakamega accession, while the Egyptian accession 
weighed the least, 0.64 g. In this instance the Ethiopian accession 
ranked just below the mean (Table 2.3). 
The uninoculated seedlings had a mean shoot dry weight of 3.96 g 
with half the accessions ranking below the overall mean. As with the 
inoculated seedlings, accession 15022 had the highest mean at 8.21 g 
while the Ethiopian accession ranked last with a value of 0.39 g (Table 
2.4). 
Both accession differences and fertilizer effects were statistically 
significant at the 5% significance level, and there was no interaction 
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of the two factors. Figures 2.6 and 2.7 compare mean shoot weight of 
each accession under fertilized and nonfertilized conditions. 
Shoot Wet, Root Wet and Root Dry Weights 
These were not examined in detail, but the means are presented in 
Tables 2.3 and 2.4. 
Nodule Distribution 
Of all the seedlings, 27% had no nodules. The highest percentage 
(24%) of nodules were distributed in a manner similar to diagram 4 (Fig. 
2 . 1 ) .  
Symbiotic Effectiveness 
Symbiotic effectiveness was highest for the Ugandan accession 
(15021), Kitale and the accession of unknown origin in descending order. 
Table 2.7 gives the symbiotic effectiveness values of all the accessions 
studied. 
Relationships Between Symbiotic Characteristics 
Correlation coefficients for the relationships between various 
characteristics are shown in Table 2.8. 
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Figure 2.6. Shoot dry weight of inoculated/fertilized and inoculated/ 
unfertilized seedlings 
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Figure 2.7. Shoot dry weight of uninoculated/fertilized and uninocu-
lated/unfertilized seedling 
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Table 2.6. Percentages of seedlings in each treatment represented in the 
nodule distribution group 
Nodule Inoculated Noninoculated 
Distribution 
Group +Fertilizer -Fertilizer +Fertilizer -Fertilizer 
0 11 .11 5 .31 7 .73 2 .90 
1 0 .48 1 .93 0 .00 0 .48 
2 3, .86 1, ,45 0, ,97 . 1, ,45 
3 3 .38 9 .18 0 .97 1 .93 
4 10, ,14 6, ,28 4, ,35 2. ,90 
5 1, ,93 2, 90 0, ,00 0 .00 
6 0, ,97 2, 90 0. ,00 2, ,27 
7 1. ,45 0, ,97 0, ,00 0. ,48 
8 1. 93 3. 38 0. 97 0. 48 
9 0, ,97 2. ,42 0, ,00 0, ,00 
Table 2.7. Symbiotic effectiveness of 12 accessions of Sesbania sesban 
Accession Symbiotic effectiveness (%) 
15021 82 .3 
Kitale 74 .4 
10865 61 .8 
15020 42 .5 
15022 38 .9 
Kakamega 33. ,1 
9265 22 .8 
15037 17, ,1 
15007 16, ,7 
15019 16, 2 
15036 11. 6 
15025 11. 4 
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Table 2.8. Correlation coefficients for the relationships in S. sesban 
seedlings between five characteristics 
Shoot 
Leaf Nodule Fresh 
Color Number Weight 
Shoot Root Root 
Dry Fresh Dry 
Weight Weight Weight 
Height 0.57 0.60 0, ,88 0, ,89 0 ,83 0, ,70 
Leaf Color 0.54 0 ,47 0 ,49 0 .48 0 ,32 
Nodule Number 0, ,51 0, ,54 0, .47 0, ,33 
Shoot Fresh Weight 0, ,96 0, ,92 0, ,77 
Shoot Dry Weight 0, ,92 0, ,74 
Root Fresh Weight 0, .84 
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DISCUSSION 
Of all the accessions, only the Ethiopian accession had almost no 
nodules on the noninoculated seedlings suggesting that there was no 
native rhizobia in the potting soil capable of infecting the accession. 
However, since the plants were relatively green, soil nitrogen must have 
been sufficient for the plants in this accession. For the noninoculated 
plants, some accessions had small nodules and their leaves were light 
green, thus indicating that native rhizobia may have been low in effec­
tiveness. Others, however, had very green leaves, therefore, soil 
mineral nitrogen was high enough for them. The former argument, however, 
may not hold, taking into consideration that the mean shoot dry weight 
for the noninoculated control was 1.81 g and that for the noninoculated 
plus fertilizer was 6.6 g, leaving doubt whether native rhizobia were 
effective at all and whether leaf color is an adequate indicator of vigor 
in S. sesban. For the control plants that had numerous large nodules, 
like the two Kenyan accessions, native rhizobia are indeed infective and 
effective, making inoculation unnecessary for these two accessions. 
Of the inoculated plants, once again the Ethiopian accession had few 
or no nodules, further confirming not only the failure of native rhizobia 
in infection but also the failure of the applied inoculum. This may be a 
result of the soil environment not being conducive for a symbiotic 
relationship for this accession or the inoculum may have been dead. The 
accessions under the inoculated plus fertilizer treatment that produced 
small nodules but green plants indicate that the rhizobia were infective 
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but inactive because of the nitrogen level. A good example of such an 
accession was the Rwanda accession. 
In certain cases, inoculation without fertilizer increased dry 
matter over the noninoculated control. Accessions 9265, 10856, 15021, 
15022 and the Kitale accessions experienced an increase in dry shoot 
matter while all the others had a reduction. The former shows that 
inoculation was effective, while the latter may have been as a result of 
competition between the indigenous rhizobial strains and the introduced 
strains or that both native and introduced strains were ineffective. The 
competition may arise as a result of ineffective native rhizobia compet­
ing for nodule sites, thus keeping out the inoculum strain (Date, 1982). 
In the cases where fertilizer was applied both to inoculated and nonin­
oculated seedlings, dry matter yield in all the accessions increased. 
Differences were, however, obvious in six accessions where the dry matter 
yields were higher with the inoculated plus fertilizer treatment than the 
noninoculated plus fertilizer one. This shows that in certain cases it 
is necessary to apply some amount of fertilizer for rhizobial inocula­
tions to succeed. The soil may be low in phosphorus for such accessions 
and, therefore, addition of fertilizer is needed for maximum nitrogen 
fixation. However, for the other accessions, dry matter yield under 
inocula and fertilizer treatment was lower indicating that that same 
amount of fertilizer may have acted as an inhibitor to maximum fixation. 
It is known that the presence of large amounts of nitrates in the soil 
can progressively reduce the effectiveness of symbiosis (Weber, 1966; 
Nelson, 1971; FAG, 1984). It is therefore necessary to appreciate such 
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accession variation and conduct further research to ascertain the optimum 
amount of inorganic fertilizer required for maximum fixation, taking 
economic factors into consideration. 
In all the accessions, the noninoculated plus fertilizer performed 
much better, in terms of dry matter production, than the inoculated 
without fertilizer. Could it be that maximum level dry matter production 
cannot be attained wholly from symbiotic nitrogen fixation? This is 
likely to be true over the short run since nodule development is a 
photosynthetic sink and, therefore, must cprapete with other growth. It 
is beyond this paper to evaluate that; however, it should be noted that 
several studies with soybeans (Ohlrogge and Kamprath, 1968; Alios and 
Bartholomew, 1959) have shown this to be so. Furthermore, in a perennial 
plant like S. sesban, the initial symbiotic effectiveness may not be so 
important. It will be necessary to study field performance over the life 
of a planting to clearly establish the value of inoculation versus 
fertilizers. However, it should also be noted that fertilizer effects 
could be caused by a nutrient deficiency other than nitrogen that inter­
feres with nodulation or nodule function but not with uptake of mineral 
nitrogen, or by failure of effective nodulation (Brockwell, 1971). 
The three accessions that had relatively high symbiotic effective­
ness (S.E.) values were the Ugandan (15021), Kitale and the accession of 
unknown origin (10865). All the others had S. E. values less than 45% 
with the Pakistani accession having the lowest at 11.4%. As a result of 
this variation, it is important to study specific interactions between 
the host and the bacterial genotype that affects S.E. However, Bell and 
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Nutman (1971) observed that because the amount of nitrogen fixed is 
determined by the closeness of the nitrogen fixing compatibility between 
plant and bacterium and of the total environment, of which climate and 
host nutrition are probably most important, investigating such a complex 
system in detail in one experiment has its own technical difficulties. 
The correlation coefficients give evidence of the fact that nodule 
count may not be a good criterion for assessing effective symbiosis since 
it has a relatively low correlation coefficient with dry matter yield. 
As has been seen earlier, a large number of nodules does not necessarily 
mean effectiveness. If combined with distribution and size, however, 
effectiveness may be determined but interpretation made more complex. 
The easiest and probably the best criterion to use in assessing fixation 
is probably dry weight of aerial parts. 
In conclusion, it must be emphasized that there is large accession 
variation in response to inoculation. For reforestation purposes, 
therefore, it is important to determine which accessions require inocula­
tion and which do not. Preference should be given to those that do not 
and that can take advantage of native rhizobia in the soil. In this 
paper, the best candidate for such a selection would be the Rwandan 
accession (15022), for even without fertilizer it had relatively high dry 
matter production. However, preference should also be extended to 
accessions which can take advantage of native rhizobia, but may need a 
certain amount of fertilizer application for effective symbiosis, like 
most of the accessions presented in this paper, until particular strains 
are identified that can be effective without addition of fertilizer. 
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Finally, it is important to determine the optimum amount of fertilizer 
that is necessary taking into account both biologic and economic factors 
into consideration. 
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INTRODUCTION 
The ever increasing population and consequential expansion of 
agricultural land have seriously threatened forests in Kenya, making 
deforestation a matter of great concern. The biggest problem in Kenya by 
far is the scarcity of woodfuel. Woodfuel as both a noncommercial and 
commercial source of energy, accounts for three-quarters of the energy 
base of Kenya (Engelhard, 1984). It is, therefore, necessary for biomass 
energy to be produced both from forests and within farms. Within farm 
production calls for the use of such multipurpose tree species as 
Sesbania sesban. Little, however, is generally known about the biology, 
genetic variation and requirements of such trees due to their fairly 
recent inclusion in planting programs and the relatively modest means 
available for research (Palmberg, 1986). The need for information is of 
even greater urgency now because of rapid and progressive loss of forest 
cover. It is only through a breeding program that wood can be improved 
and made more uniform for better use. Zobel et al. (1960), however, 
suggest that before genetic studies of wood properties can be efficiently 
undertaken, the variation pattern from tree to tree, site to site, as 
well as throughout the range of the species must be known. They further 
state that the interrelationships among the various wood characteristics 
and growth factors need to be determined. To study variation within a 
species, it is necessary to undertake provenance testing. Provenance 
testing is done to screen the naturally available genetic variation and 
to choose the best available types for reforestation or further breeding 
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work (Wright, 1976). Data from provenance tests' can be used to indicate 
probable response to artificial selection (Wright, 1976). Changes in 
wood when grown in new environments cannot always be predicted, and the 
only sure way to assess wood qualities is to test them in the new 
environment (Zobel, 1983). 
S. sesban is one of the most promising multipurpose species for use 
in Kenya and similar regions of Africa. It is a fast-growing, short­
lived tree that regenerates rapidly after pruning or cutting, fixes 
nitrogen and provides fodder and fibre (NAS, 1980). Sesban wood is 
reported to have good fuelwood characteristics, despite its low specific 
gravity (Onim, 1989; von Carlowitz, 1989; Thomson, 1989). A fourteen-
month old crop of S. sesban var nubica yielded 17.8 t/ha of sun-dried 
fuelwood and twigwood from a multipurpose tree (MPT) species evaluation 
trial at Maseno, Kenya, compared to 6.5 t/ha for Leucaena leucocephela 
(Onim et al., 1989b). S. sesban has been reported to show potential for 
fuelwood in Australia (Thomson, 1989), western India (Hedge, 1989) and 
Kenya (Onim et al., 1989a). Fuelwood yields of up to 100 t/ha have been 
reported from India (Onim, 1989). However, in a study by Onim et al. 
(1989b) conducted in Maseno, comparing wood densities of several species, 
S. sesban var nubica was found to have the least dense wood (0.54 g/cc) 
when compared to L. leucoceptiala (0.63 g/cc) and GliricLdLa sepLum (0.62 
g/cc). The study concluded that S. sesban var nubica fuelwood is light 
and would burn faster than other woods. Onim et al.'s 1989a study also 
looked at wood volume of ten plants (14 months old) of several species, 
and found that S. sesban had the highest volume at 5005 cc/tree. 
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Compared to L. leucocephala (1563 cc), Mimosa scrabrella (4364 cc), 
Acacia hockii (413 cc) and Gliricidia sepium (641 cc). 
Most of the studies done to date have been comparisons of wood 
qualities of S. sesban to those of other multipurpose trees (MPTs), and 
very few studies have been undertaken at the provenance or accession 
level. Brewbaker (1989) suggests that foresters currently have little 
enthusiasm for genera like Sesbania, whose stubby form, low density wood, 
short fiber, limited life span and irregular habit give them little 
glamour. He, however, predicts with absolute certainty that genetic 
improvement can be achieved with Sesbania and suggests that breeding 
should focus on enhancement of fodder and wood qualities such as densi­
ties and durability for which species hybridization may be essential for 
genetic progress. 
This study, therefore, was undertaken to determine the extent of 
phenotypic variation in several wood properties among accessions of 
S. sesban at five different sites in Kenya. It looks at variation in wet 
and dry wood density, volume, moisture content and in growth traits such 
as height and basal diameter. In addition, the interrelationships among 
these traits are studied. A lot more emphasis is placed on wood density 
(specific gravity) in this paper because wood density is considered to be 
a good index of the mechanical properties and utilization potential of 
wood (Hans, 1974). 
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MATERIALS AND METHODS 
The study was undertaken at five different sites in Kenya; Got 
Ramogi, Katumani, Muguga, Ratta, and Turbo (Table 3.1). 
Seeds of twenty-four accessions of S. sesban and three of S. goetzei 
were supplied by ILCA, Addis Ababa, together with information on their 
origin. Three Kenyan accessions of S. sesban were supplied by the Kenya 
Forestry Research Institute (KEFRI) Seed Centre. Table 3.2 gives details 
of the seed origins. 
The seeds were given a 100°C hot water pretreatment (Nyong'o, 1991) 
and then sowed in seed beds at the Moi University teaching nursery, 
Eldoret, Kenya, on January 23, 1990. Seedlings were pricked out 2 weeks 
later and transplanted in polythene tubes filled with a soil mixture 
consisting of five parts forest soil, NPK fertilizer (18:18:0), one part 
ballast and one part manure. Field planting was done at each site at the 
onset of the short rains. Planting was done at Muguga on 23/3/90, 
Katumani on 30/3/90, Got Ramogi on 4/5/90, Ratta on 4/7/90, and Turbo on 
4/12/90. The seedlings were planted in a randomized block design with 
four replications and with row plantings of three trees per accession per 
replication. Each site had two guard rows to reduce edge effects. 
Spacing was 1.5 m x 1.5 m within and between rows. Weeding was done 
three times at each site when required. 
Survival counts were carried out at ages 2 and 8 months. The 
following measurements were done at 8 months on the third tree in each 
accession plot replication: 
Table 3.1. Data for test sites 
Got Ramogi Ratta 
Latitude/ 
Longitude 
0° 3' S 
34° 8' E 
0° 3' S 
34° 33' E 
Altitude (m) 1334 1473 
Rainfall (mm) (r) 760-1015 1270-1525 
Average annual potential 
evaporation (mm) E° 1550-2200 1300-2100 
r/E° (%) classification 49-50 semi-humid 
semi-arid 
55-80 subhumid 
Mean annual temp (°C) 20-22 20-22 
Soil Texture^ sandy clay loam clay 
Soil pH (KCl 1:24) 4.9 4.6 
N% 0.06 0.06 
P ppm 46 
Ilk 
K rae% 1.11 0.24 
Organic C(%) 1.06 0.56 
C/N 17:1 9:1 
C.E.C. (me/lOOg) 20.42 16.13 
Previous history 
of site 
Foot hills of 
Got Ramogi. Bushy. 
Previously site of 
a species trial 
Most recently used 
as grazing land 
for farm animals, 
originally was 
maize field 
^Soil analysis done by National Agricultural Laboratories, Kabete, 
Kenya. Soil sample taken at a depth of 30-45 cm. 
Other information from National Atlas of Kenya, Survey of Kenya, 
1970 and from research stations. 
^Underlined numbers indicate deficiency. 
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SITES 
Muguga Katumani Turbo Eldoret 
1° 13' S 
36° 38' E 
1° 33' S 
37° 14' E 
0° 37' N 
35° 4' E 
0° 10' N 
35° 9' E 
2170 1596 1806 2315 
1270-1525 510-760 1270-1525 1015-1270 
1300-2100 1550-2200 1300-2100 1450-2200 
65-80 sub-humid 49-50 semi-
humid to semi-
arid 
65-80 sub-
humid 
50-65 semi-humid 
16-18 18-20 16-18 14-16 
sandy clay sandy clay clay clay 
5.4 4.8 4.6 3.9 
0.04 0.03 0.06 0.09 
15 11 8 10 
0.50 0.63 0.39 0.45 
1.22 0.66 1.83 1.36 
30:1 22:1 30:1 15:1 
22.94 17.2 22.34 17.84 
Originally maize 
field but had been 
left fallow for a 
few years 
Previous year 
was a maize 
field 
Previously a 
maize field 
Originally wattle 
plantation but 
had laid fallow 
for a few years 
ILCA 
or Na 
9043 
9164 
9265 
10375 
10379 
10521 
10639 
10865 
13144 
13491 
13887 
15019 
15020 
15022 
Origins of the S. sesban and S. goetzei accessions 
Code Country Altitude Rainfall Mean 
No.* of origin (m) (nun) Temp (°C) 
1 Ethiopia 1680 970 18.1 
2 Ethiopia 1550 700 21.1 
4 Ethiopia 1200 900 23.1 
5 Ethiopia 1470 900 21.5 
6 Ethiopia 1925 1300 19.3 
7 Ethiopia 1640 1700 20.5 
9 Kenya 1450 1900 21.0 
10 Ethiopia 1860 1500 
11 Niger 270 
13 Congo — — — 
14 Kenya 
16 Rwanda - - - - - -
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Soil Name 
Soil 
Texture 
Soil 
PH Habitat 
Latitude/ 
Longitude 
Fluvisol 
Hepatic 
Xerosol 
Sandy 8.0 Flood plain of 
clay Lake Awassa 
Clay -- Shore, water 
logged 
7 5' N 
38° 30' E 
7° 55' N 
38° 43' E 
Eutric 
Fluvisol 
Sand 7.0 Seasonally flooded 6 6' N 
area 37° 37' E 
8 . 0  Combretum bushland 6' 
37° 
25' N 
22' E 
Chronic Clay 
Corabisols, loam 
Eutric Nitosols 
7.0 Along road to 
dairy farm 
6 °  
37° 
50' N 
45.5 E 
Dystric 
Nitosol 
Clay 4.93 Cattle ranching 
bottom land 
7 45' N 
36° 34' E 
Orthic 
Ferralsols, 
Orthic 
Clay 6.72 00 35' N 
34° 34' E 
6 °  
37° 
8' N 
35' E 
Silt 5.91 Poorly drained edges 
of a seasonal stream 
. emptying to a large 
river 
12 15' N 
2° 23' E 
Table 3.2. Continued 
ILCA No. Code Country Altitude Rainfall Mean 
or Name No. of origin (m) (mm) Temp (°C) 
15023 17 
15024 18 India 
15036 20 Uganda 
15037 21 Egypt 
15077 22 
Kitui 28 Kenya 900-1200 450-900 24-30 
Kakamega 29 Kenya 1500-1850 1100-1700 18-20 
Kitale 30 Kenya 1850-2150 800-1400 16-18 
*Code number used in this study. 
**Sesbania goetzei 
Information from ILCA, Addis Ababa. 
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Soil Soil Latitude/ 
Soil Name Texture pH Habitat Longitude 
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- height (cm) 
- basal diameter (cm) 
- lengths of stems and branches that qualified for firewood 
- diameter of stems and branches that qualified for fuelwood (cm) 
The trees were then felled àt 0.5 m in height and stem discs of 3 cm 
thickness were cut and weighed and volume estimated by water displacement 
method in the laboratory. Wet wood density was then estimated. The 
discs were dried at 80*0 for 24 hours and then dry wood density was 
estimated. The lengths and diameters of the stems and branches that had 
qualified for fuelwood were then used to estimate volume as described by 
Onim et al. (1989a). 
Statistical Analysis 
Accession means of the traits were computed for each site as well as 
sites combined. Values were subjected to the General Linear Model (GLM) 
of the Statistical Analysis System (SAS Institute Inc., 1985) for 
computation of mean squares and least square means per site and across 
sites. It should, therefore, be noted that means reported in this study 
are least square means. Correlation coefficients were also computed 
among the various traits over all sites. Multiple regression analysis 
was done between each trait as the dependent variable and temperature, 
rainfall and altitude of the seed origins as the independent variables. 
The Eldoret site is not included in this paper because at time of 
measurement, the trees were not yet 8 months old. As a result of missing 
values due to death of trees, loss of samples in the laboratory or 
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occurrence of an accession in only one site, some accessions have been 
excluded in the analysis, notably all 3 S. goetzei accessions and 5 S. 
sesban accessions. For S. goetzei, missing values are mainly a result of 
very low survival in the field. 
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RESULTS 
Survival in all the sites studied was good except for Got Ramogi 
(Table 3.3). At Got Ramogi, all but two trees in the block that was on 
the upper slope of the site died. That block was, therefore, excluded in 
the analysis. 
Table 3.3. Survival (%) of Sesbania at the study sites at 2 and 8 months 
old. Based on a starting number of 240 trees per site 
Survival % 
Site 2 months 8 months 
Got Ramogi 81, .2 •50 .0 
Muguga 88, ,1 80, ,7 
Turbo 94, ,1 68, ,9 
Katumani 96. 3 92. 7 
Ratta 99. 6 90. 7 
Heights 
All the provenances performed quite well as far as height growth was 
concerned (Table 3.4). The accessions showed variability at all sites, 
but statistical differences were significant only in Ratta and Turbo for 
block and accession differences. The accessions with the highest mean 
heights were the Congo (13), Rwanda (16), Uganda (20) and an accession of 
unknown origin (3), all with means over 300 cm. The lowest mean heights 
were attained by three Ethiopian accessions (2, 4, 5), two Kenyan (9, 
30), one Indian (18) and two accessions of unknown origin (8 and 17) with 
accession 17 having the lowest mean height at 184 cm. 
Table 3.4 Summary of accessions least square means across sites for height, basal diameter, 
fuelwood volume, wet and dry wood densities and moisture content in 5. sesban 
Code* Height Basal diameter Volume wood Dry Wood Moisture Content Fuelwood 
No. (cm) (cm) (cm ) Density Density (%) Value 
1 267 (10) 3.2 (5) 493 (17) 0.94 (8) 0.41 (8) 134 (11) 202 
2 231 (16) 2.3 (10) 342 (19) 0.93 (9) 0.39 (10) 133 (12) 133 
3 304 (3) 3.5 (3) 787 (8) 1.18 (1) 0.54 (1) 138 (8) 425 
4 221 (18) 2,1 (11) 571 (13) 0.85 (13) 0.38 (11) 141 (7) 217 
5 228 (17) 2.6 (9) 250 (22) 0.99 (4) 0.40 (9) 161 (1) 100 
6 274 (8) 3.5 (3) 740 (10) 0.95 (7) 0.39 (10) 156 (2) 289 
7 293 (5) 3.0 (7) 554 (14) 0.92 (10) 0.49 (3) 136 (9) 271 
8 212 (20) 2.3 (10) 332 (20) 0.71 (14) 0.39 (10) 145 (5) 236 
9 214 (19) 2.6 (9) 514 (16) 0.94 (8) 0.40 (9) 147 (4) 206 
10 288 (7) 3.6 (2) 1613 (1) 0.99 (4) 0.43 (6) 123 (16) 693 
11 260 (12) 3.2 (5) 702 (12) 1.01 (3) 0,44 (5) 136 (10) 309 
13 311 (1) 3.3 (4) 726 (11) 1.03 (2) 0.39 (10) 130 (15) 283 
14 274 (8) 3.0 (7) 826 (7) 0.96 (6) 0,50 (2) 101 (20) 413 
16 309 (2) 3.2 (5) 917 (5) 0.94 (8) 0.42 (7) 119 (16) 385 
17 184 (21) 2.5 (9) 292 (21) 0.89 (11) 0.42 (17) 116 (18) 123 
19 242 (15) 2.7 (8) 540 (15) — 0.36 (12) 133 (12) 194 
20 301 (4) 3.2 (5) 881 (6) 0.86 (12) 0,42 (7) 130 (15) 370 
21 266 (11) 3.0 (7) 919 (4) 0.93 (9) 0.42 (7) 131 (14) 386 
22 246 (13) 3.0 (7) 425 (18) 0.70 (15) 0.26 (14) 102 (19) 110 
28 290 (6) 3.2 (5) 1186 (2) 1.03 (2) 0.47 (4) 132 (13) 557 
29 270 (9) 3.1 (6) 749 (9) 0.97 (5) 0.34 (13) 143 (6) 255 
30 245 (14) 3.9 (1) 944 (3) 0.94 (8) 0.40 (9) 150 (3) 378 
Site LS Means and Standard Deviations 
GR 
KT 
M6 
RT 
TR 
198+5 
324±13 
199±8 
295±7 
275±12 
2.4±0.12 
3.6+0.19 
3.1+0.12 
3.2+0.12 
2.8+0.23 
433+54.83 
915+132.27 
364+65.18 
966+126.45 
869+396.87 
0.84+0.03 
0,83±0.03 
1.17±0.02 
0.86+0.01 
1.05±0.10 
0.35+0.01 
0.43+0.02 
0.33+0.02 
0.47+0.01 
0.48+0.03 
^Code number from Table 3-2. 
^Values in parentheses indicate accession rankings over all sites. 
^GR = Got Ramogi; KT = Katumani; MG = Muguga; RT = Ratta; TR = Turbo. 
143+5.30 
84±3.50 
269+9.39 
91±7.83 
95±5.73 
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There were large statistical differences among the sites with 
Katumani having the highest mean at 324 followed by the Ratta site. The 
site with the lowest mean height was Got Ramogi,which as earlier stated, 
had the lowest survival. It is interesting to note that of the first top 
three ranks (Table 3.4), in each site, only the Kenyan accession (28), 
Congo (13) and Ugandan (20) accessions occurred twice. Of the accessions 
ranked top three, all are from areas close to planting area (Kenya) 
except for Niger (11). 
Basal Diameter 
There was variation among the accessions over all sites (Table 3.4). 
The accessions with the largest basal diameter were Kenya (30), 2 
Ethiopia (6, 10) and the unknown accession (3) all having a mean of over 
3.5 cm. The smallest mean basal diameter was attained by an Ethiopian 
accession (4). 
Once again, of the sites, Katumani had the largest mean basal 
diameter at 3.6 cm with Ratta ranking second with 3.2 cm. Again, Got 
Ramogi had the lowest value at 2.4 cm. As far as accession ranking 
(Table 3.5) is concerned, accession 30 ranked first in Ratta, second in 
Katumani, third in Muguga and second in Turbo. The Niger accession (11) 
also performed well, ranking third in Katumani, Muguga and Turbo. 
Basal diameter was statistically different (Table 3.7) in Ratta and 
Turbo as far as block and accessions differences are concerned. It was 
also statistically different over all sites (Table 3.8). 
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Table 3.5. Rankings for height, basal diameter and fuelwood volume 
within sites among S. sesban accessions (rankings are entered 
in the table) 
Accession Height Basal Diameter Fuelwood Volume 
Code 
No. RT^ MG KT GR TR RT MG KT GR TR RT MG KT GR TR 
8 16 11 13 15 6 17 7 8 13 5 16 2 14 9 8 
11 9 16 11 11 2 13 3 3 12 3 13 10 2 15 5 
28 4 12 4 1 3 9 10 5 8 1 12 4 3 8 1 
29 6 14 1 8 4 2 9 6 1 4 2 12 7 2 7 
30 10 8 7 14 5 1 3 2 5 2 3 5 5 11 2 
2 18 5 14 5 16 13 11 7 17 14 9 14 
19 17 6 6 12 14 12 4 18 6 6 4 
21 5 4 10 10 3 2 9 11 1 8 11 6 
3 13 1 2 5 9 1 7 16 4 
9 11 15 15 10 14 7 9 9 13 
20 1 3 9 6 4 9 6 3 5 
5 15 9 15 5 15 15 
13 3 2 12 1 8 7 
6 7 9 3 7 1 10 4 12 7 
1 12 8 2 8 6 2 11 8 13 
10 5 4 4 3 1 3 
4 10 13 7 12 14 7 12 12 4 
7 13 3 1 6 8 2 1 4 6 
22 7 12 11 5 13 10 
14 8 6 11 6 10 1 
16 2 7 4 11 5 10 
17 14 8 10 6 14 3 
^Sites are: GR - Got Ramogi, KT = Katumani, MG - Muguga, RT = 
Ratta, TR = Turbo. 
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Table 3.6. Rankings for wet wood density, dry wood density and moisture 
content within sites among S. sesban accessions (rankings are 
entered in the table) 
Acces­
sion Wet wood density Dry wood density Moisture content 
Code 
No. RT^ MG KT GR TR RT MG KT GR TR RT MG KT GR TR 
8 3 16 2 12 8 2 12 3 8 8 2 11 2 15 3 
11 1 3 1 13 2 6 3. 4 14 2 6 12 1 14 2 
28 4 6 3 10 1 15 4 1 9 1 15 3 5 4 
29 13 8 11 3 17 5 11 7 5 5 9 5 
30 8 10 4 10 5 10 13 2 13 4 12 2 6 2 1 
2 15 11 7 1 4 14 7 1 15 9 5 7 
19 2 9 14 5 8 15 11 6 12 
21 5 12 4 7 11 2 9 10 6 
3 17 1 13 1 1 16 
9 11 7 6 14 7 5 10 3 4 
20 16 13 7 3 10 5 16 7 3 
5 10 4 12 9 8 1 
13 12 2 15 6 3 13 
6 6 6 11 12 7 1 
1 18 2 16 3 4 10 
10 5 3 6 4 7 8 
4 5 9 7 15 10 3 4 4 8 
7 14 4 2 5 8 6 
22 15 16 14 
14 5 5 1 6 16 11 
16 5 a 6 9 7 13 13 
17 9 8 6 14 7 
^Sites are: GR = Got Ramogi, KT = Katumani, MG = Muguga, RT = 
Ratta, TR = Turbo. 
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Table 3.7. Separate analysis of variance for height, basal diameter, wet 
and dry wood densities, fuelwood volume, and moisture content 
in S. sesban accessions 
Mean squares 
Basal 
Source d.f. Height diameter 
Got Ramopi 
Block 2 1527 ,34 (0.40) 1 .27 (0.16) 
Accession 14 2065 .15 (0.30) 0 .46 (0.74) 
Error 19 1609, 
Katumani 
,35 0 .64 
Block 3 4000, ,10 (0.78) 4, ,15 (0.12) 
Accession 14 6910, ,60 (0.82) 2 .40 (0.32) 
Error 30 10982. 
MupuKa 
,16 1, ,99 
Block 3 9317. 55 (0.13) 2, 47 (0.07) 
Accession 15 2626, ,81 (0.87) 0, ,84 (0.60) 
Error 29 4605. 
Ratta 
67 0, 97 
Block 3 14433. 51 (0.03) 5. 56 (<0.01) 
Accession 17 11014. 83 (0.01) 1. 98 (0.05) 
Error 44 4348. 
Turbo 
52 1. 07 
Block 3 15544. 92 (0.07) 5. 63 (0.04) 
Accession 7 14685. 44 (0.05) 4. 07 (0.07) 
Error 13 5186. 32 1. 72 
^Values in parentheses indicate PR>F. 
Table 3.8. Combined analysis of variance for height, basal diameter, wet 
and dry wood densities, fuelwood volume, and moisture content 
in S. sesban accessions 
Source d.f. 
Mean squares 
Height 
Basal 
diameter 
Site 4 53733.75 (<0.01)* 2.72 (<0.01) 
Accession 21 3446.10 (0.02) 0.75 (0.03) 
Error 46 1763.82 0.39 
Values in parentheses indicate PR>F. 
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Mean Squares 
Fuelwood Wet wood Dry wood Moisture 
volume density density content 
617893. 53 (0.02) 0 .013 (0 .79) 0.001 (0 .94) 2626 .46 (0 .13) 
67769. 17 (0.90) 0 ,049 (0 .60) 0 .006 (0.81) 938 .30 (0 .71) 
135305. 57 0 .057 0 .010 1262 .73 
642887 .40 (0.61) 0. ,012 (0, ,02) 0, ,083 «0.01) 982, ,73 (0 ,10) 
1322184 .51 (0.28) 0 ,054 (0 .12) 0 .012 (0, .17) 1017 ,43 (0 .06) 
1049742 .60 0, ,027 0, ,070 393, ,14 
1483177 .93 (0.00) 0, ,097 (0, ,07) 0, ,030 (0, ,29) 3405, ,41 (0 .62) 
177789 .12 (0.81) 0, ,100 (0. 01) 0, ,030 (0. 25) 3236, ,76 (0, .87) 
271933 .52 0. ,038 0, ,023 5639, ,44 
3548109 .89 (0.04) 0. 014 (0. 44) 0. 021 (0. 14) 3269. 26 (0, ,38) 
1485665 .60 (0.24) 0. 009 (0. ,90) 0. ,016 (0. 16) 3092, ,23 (0, ,48) 
1151291 .55 0. 015 0. Oil 3126. 33 
7709487 .93 (0.20) 1. 018 (0. 05) 0. 052 (0. 23) 1978. 40 (0, 18) 
3552298 .37 (0.67) 0. 370 (0. 37) 0. 052 (0. 22) 1012. 23 (0. 49) 
5040197 .57 0. 312 0. 033 1052. 53 
Mean squares 
Fuelwood Wet wood Dry wood Moisture 
volume density density content 
1269559.57 (<0.01) 0.28 (<0.01) 0.04 (<0.01) 77247.11 (<0.0i) 
283707.58 (0.52) 0.03 (0.84) 0.01 (0.52) 494.88 (0.90) 
295512.41 0.04 0.01 843.90 
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Volume 
The Ethiopian (10) and Kenyan (28) accessions had the greatest 
volumes over all sites while Ethiopian accession 5 had the smallest 
volume (Table 3.4). However, the Kenyan accession (28) performed well at 
only three sites (Table 3.5); ranking low at Ratta and Got Ramogi. The 
varied performance can also be seen in the other two Kenyan accessions 
(29 and 30). Of most interest is the variation in ranking of the Niger 
provenance (11) which ranked second at Katumani, fifth at Turbo, 10th at 
Muguga, 13th at Ratta and last at Got Ramogi. 
As far as individual sites are concerned, Ratta and Katumani 
switched ranks with Ratta having the highest mean volume followed by 
Katumani. 
Statistically, there were no significant differences among acces­
sions. Over all sites the statistical differences were also not sig­
nificant . 
Wet Wood Density 
The Congo (13), Niger (11) and Kenyan (28) accessions had the 
greatest mean wet wood density over all sites (Table 3.4). It should be 
noted that the latter two are from very low rainfall areas. The lowest 
mean wet wood density was attained by accession 22. The Niger accession 
(11) ranked among the top three at all sites except Got Ramogi (Table 
3.7). 
The Muguga site had the highest mean value followed by Turbo while 
Katumani, being the driest of all the sites, had the lowest mean value. 
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Statistically, accession differences were significant in Katumani 
and Muguga (Table 3.7). However, over all sites there was no statistical 
difference among the accessions (Table 3.8). 
Dry Wood Density 
Dry wood density was heaviest in the accession 3 of unknown origin 
(Table 3.4). Following were the Kenyan (14 & 28) and the Ethiopian (7) 
accessions. The lightest mean dry wood density was obtained by the 
accession of unknown origin (22). Both Kenyan accession 29 and Indian 
accession 18 had relatively low mean wood densities. As far as ranking 
per site is concerned, of worth mentioning is the Kenyan accession 28 
which ranked second in both Katumani and Turbo (Table 3.6). Also to be 
noted is the poor ranking of accession 29 in all the sites. Of the top 
first three rankings in all the sites, Ethiopian accessions did quite 
well, with five accessions (1, 2, 10, 7 and 4) occurring there, followed 
by Kenyan accessions 14, 28 and 30. Other accessions ranked among the 
first top three included Egyptian (21), Nigerian (11) and Ugandan (20) 
accessions. 
Turbo had the heaviest mean dry wood.density followed by Ratta 
(Table 3.4). The lightest mean was at Muguga. Accession differences 
were statistically significant at all sites but Got Ramogi. 
Moisture Content 
The highest mean moisture content occurred in two Ethiopian acces­
sions (5 and 6) and the Kenyan accession 30 (Table 3.4). Accession 30 
ranked second highest in Got Ramogi, Muguga and Turbo while ranking low 
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in the other sites. The Niger accession was ranked top in both Katuinani 
and Turbo. 
Muguga had by far the greatest mean site moisture content followed 
by Got Ramogi. The high moisture content in Muguga is probably expected 
because of the high rainfall coupled with the texture of the soil, 
whereas in Got Ramogi it is probably because at the time of measurement, 
there were heavy rains and the soils were waterlogged. Accession 
differences were statistically significant only in Katumani (Table 3.7). 
Trait Correlation 
Correlation coefficients among the various characters were calcu­
lated (Table 3.9). Height, basal diameter and fuelwood volume were 
positively correlated with coefficients ranging from 0.54-0.63. Height 
was also positively correlated with dry wood density (0.52). Volume and 
basal diameter were positively correlated at weak to moderate levels to 
all the other characters except moisture content. 
Multiple Regressions 
Of all the regression equations that were developed, it was only 
basal diameter and volume as functions of altitude, rainfall and tempera­
ture that were significant at the 0.05 probability level. Of most 
interest was the strong relationship between basal diameter and altitude 
with basal diameter increasing with increasing altitude of seed origin. 
Likewise there was a positive relationship between volume with altitude 
and temperature. 
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Table 3.9. Correlation coefficients among various characters of S. 
sesban accessions 
Basal Wet wood Dry wood Moisture 
Height diameter Volume density density content 
Height 
Basal 
Diameter 
Volume 
Wet wood 
density 
Dry wood 
density 
0.54 
(<0.01)'  
0.63 
(<0.01) 
0 . 6 1  
(<0.01) 
-0.003 0.52 -0.58 
(0.98) «0.01) (<0.01) 
0.26 0.21 0.01 
(0.03) (0.10) (0.92) 
-0.04 0.38 -0.39 
(0.74) «0.01) «0.01) 
0.30 0.51 
(0.01) «0.01) 
-0.44 
(<0.01) 
Moisture 
content 
^Values in parentheses indicate Pr > |R| 
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DISCUSSION 
The relatively low survival at Got Ramogi compared to the other 
sites coupled with poor performance in other traits may be a result of 
the relatively stony nature and shallow soils of the site. Evans and 
Rotar (1987) state that Sesbania species have the ability to grow in a 
wide range of soil conditions. Hedge (1989) observed that S. sesban is 
adapted to a wide range of soils, but he showed that S. sesban performs 
poorer than S. grandiflora in shallow soils and under moisture stress. 
This may account for the poor performance in Got Ramogi in this study. 
Palwa (1988) reports that S. sesban has poorer growth in sandy clay loam 
than in loamy sand. Got Ramogi was the only site that was not deficient 
of phosphorus, therefore, it should have been a better site in this 
respect. Trials with phosphorus levels have given variable results 
(Hussain, 1989). 
As far as the six traits are concerned, there is a lack of consis­
tency of accession effects from one site to another indicating a possi­
bility of accession x site interaction. This is evident in the change in 
the performance rankings of the accessions in the different sites. When 
the origins of the seeds are taken into account, however, it is not 
possible to demonstrate a relation between accession variation and the 
environment at place of origin because of the weakness of the correla­
tions between those traits with climate and altitude. However, it is 
possible to narrow down to a few accessions that performed best across 
the sites when all the traits are considered. The top six accessions, as 
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far as this is concerned all originate from Kenya and countries that are 
close to the latitude at Kenya. These seed sources are Rwanda (16), 
Ethiopia (6), Kenya (14), Uganda (20), Kenya (28) and Congo (13). Seed 
sources from India and Pakistan performed relatively poorly indicating 
that very long distance movement of seeds should be discouraged. The six 
best seed sources mentioned are all near the center of the S. sesban 
range, the center of origin being East Africa. Although, slower growers 
were also among accessions from this region. Zobel (1984) suggests that 
wide seed transfer is safer if it is done near the center of the species 
range. 
Onim et al. (1989a) points out that although plant height is not 
always indicative of fuelwood yield potential for an MPT, it is usually 
correlated with fuelwood yields. Faster growth in terms of height 
occurred in Katumani with the Kenyan accession 29 attaining the tallest 
height with a mean of 4.15 m. Studies done in Chipata, Zambia, with the 
same accession by Kwesiga (1989) report a mean height of 3.43 m at nine 
months of age. Otieno et al. (1989) with trials of accession of S. 
sesban done in western Kenya reports the fastest growth of an individual 
accession to be 5.56 m with a mean of 3,72 m at 8 months. In this study, 
the mean for a site (Ratta) comparable to Otieno's was 2.95 m. Several 
other studies, for example, Onim et al. (1989a) found S. sesban trees to 
be significantly taller than other MPTs. Sesbania had a mean of 4.62m 
and a range of 3.02-5.78m after 14 months of growth. They found Acacia 
hockil to be the slowest grower with a mean height of 1.38m. A germplasm 
screening study done by Onim and Otieno (1989) found S. sesban var nubica 
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and S. macrantha to be faster growers than S. goetzei and S. keniensis, 
respectively. Trials in western India on S. sesban grown in bunds on 
sugarcane fields, gave height growth of 1 m and 6 m in 4- and 15-months 
growth, respectively (Hedge, 1989). Oduol and Akunda (1989) reports 
height of 7-month old Sesbania to be 2.31 m in a study done in Kenya. 
The height growth in all these studies are indicative of the fast growth 
that can be attained by S. sesban. However, most of these studies did 
not look at the performance of individual accessions. 
From this study it can be seen that higher gains can be obtained by 
selecting accessions within the species that perform the best. There is 
variation among the accessions and this variation should be exploited. 
The variation is even apparent among accessions from the same country, 
e.g., Kenya and Ethiopia. Lack of adequate and/or detailed information 
on the origin of the seeds makes it difficult to describe any trends that 
may be present in the performance of the different accessions. There­
fore, no specific rules can be suggested as such to guide movement of the 
seeds. Zobel and Talbert (1984) suggest that high elevation seed should 
not be moved to low elevations and vice versa. However, when we took the 
Niger accession (11), from an elevation of 270 m to the five sites (all 
over 1000 m), the performance was satisfactory except in Muguga. 
Accession 11 even ranked second with a mean height of 377 m in Turbo 
(altitude 1806 m). It should be noted, though, that these are only 
eight-month-old trees, therefore, the results may not be very con­
clusive. 
95 
Variation among accessions in basal diameter was evident across 
sites with a range of 2.1 cm - 3.9 cm. This agrees well with other 
studies that have been conducted with S. sesban. Oduol and Akunda (1989) 
reported root collar diameter of seven-month-old trees of S. sesban, 
planted at 1.5 X 1.0 m spacing, to be 3.2 cm, the same as that of S. 
bispinosa in the same study. Kwesiga's (1989) Chipata study with the 
Kakamega accession at 1.0 X 1.0 m spacing found basal diameter at 9 
months to be 3.29 cm. In this study, the same accession had a range, 
across sites, of 2.92 - 4.05 cm. In general, taller trees also had the 
largest diameter. Because of this strong correlation between height and 
basal diameter in addition to the fact that basal diameter was well 
correlated with altitude, it would be better to select accessions for 
diameter rather than height. 
Volume production was greatest among Kenyan accessions (14, 28, 29, 
30), Ethiopian (7, 10), Niger (11) and Egypt (21). However, over all 
sites accessions 10 and 28 had the greatest mean volume production at 
3 3 
1613 cm and 1186 cm , respectively. Onim et al.'s (1989a) study found a 
3 
volume of 5005 cm in 14-month old S. sesban var nubica. In their study 
they compared S. sesban with Mimosa scrabrella, Calliandra calothyrsus, 
Acacia hockii, Gliricidia sepium, and Leuceana leucocephala, all had 
3 3 3 3 3 
volume production of 4364 cm , 3418 cm , 413 cm , 641 cm and 1563 cm , 
respectively, thereby ranking S. sesban top. Onim et al. (1989b) reports 
that in Western Kenya a yield of 16 t/ha would generate a gross income of 
Kshs 16,000 at 1,000 Kshs/ton. Since volume was strongly correlated with 
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both height and diameter, selecting for either of the two would produce 
accessions with high volumes. Volume was found to be negatively corre­
lated with moisture content, making an accession with high volume good 
for fuelwood. 
Accessions 2 (Ethiopia), 3 (unknown origin) and 28 (Kenya) that 
ranked top in Got Ramogi, Muguga and Turbo, respectively for wet wood 
density maintained this ranking with dry wood density. However, this did 
not hold for Niger accession 11 which though ranked top in Katumani and 
Ratta with wet wood density, but ended up 5th at both sites as far as 
specific gravity is concerned. 
For sites combined, the rangé of accession means for specific 
gravity was 0.26 - 0.54. The site means ranged from Muguga's 0.33 to 
Turbo's 0.48 while the accession with the highest specific gravity, 
accession (28), occurred at Turbo with a value of 0.67. This latter 
value is close to Onira et al.'s (1989a) estimate of specific gravity for 
14-month-old Sesbania (0.62). They reported Sesbania to have the lowest 
specific gravity when compared to other MPTs. However, there are species 
like Paraserianthes fulcataria which have been reported to have as low a 
value as 0.25 (Mamit, 1986; Palmer et al., 1983). In other studies done 
among Sesbania species, Onim and Otieno (1989) found that S. sesban var 
nubica and S. goetzei had higher specific gravity than S. macrantha and 
S. keniensis. Generally, however, Sesbania is reported in literature to 
have a low specific gravity. Von Carlowitz (1989), however, contends 
that the species is popular for fuelwood production despite the softness 
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and low density nature of the wood. His observation is that Sesbania 
produces high woody biomass in a short time, which is suitable as quick 
and hot burning kindling. 
Specific gravity was positively and significantly correlated with 
all the other traits except with moisture content where there was a 
significant negative correlation. Hence, selecting for specific gravity 
on wet wood density is not a good idea. The correlation between specific 
gravity and volume contradicts Onim et al.'s (1989a) findings that there 
is a significant negative association between the two. The strong 
correlation between specific gravity and height indicates that an 
increase in growth is associated with an increase in specific gravity. 
There are many conflicting observations in the literature regarding 
relationships between growth rate and specific gravity in many other 
species. Koch (1967) found no relationship between growth and wood 
specific gravity. Zobel and Talbert (1984) state that in some hardwoods 
faster growing trees have higher specific gravity than do slow growing 
trees. They indicate, however, that the effect of growth rate on 
specific gravity varies between diffuse porous and ring-porous hardwoods. 
A lack of relationship has been reported for the Eucalyptus by Hillis and 
Brown (1978). Scott and MacGregor (1952) reported that faster growing 
trees of Tectona grandis had a slightly higher specific gravity. Schonau 
also reported that fast growth increases specific gravity in black 
wattle. A negative effect was found with Triplochiton by Oteng-Amoako et 
al. (1983). The inverse relationship between specific gravity and 
98 
moisture content found in this study indicates that calculating yield in 
green tons for trees may not be a reliable indication of yield of dry 
wood (Zobel and van Buijitenen, 1989). 
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INTRODUCTION 
In plantation forestry, height and diameter are the main traits 
emphasized; in on-farm forestry, interest is on several other tree 
characteristics, such as branchiness, length of live crown, branch 
lengths and foliage characteristics among others. This is because such 
trees are used for fuel, ruminant fodder, shade, green manure, medicine 
and human food. S. sesban, whose native range is Africa and Asia, is one 
such tree species. The reported agricultural uses of S. sesban in the 
two continents are shade, windbreak, ruminant fodder, and green manure 
(Evans-and Rotar, 1987). 
The role of browse in sylvopastoral systems, in a socio-economic 
context, is to provide stability, for example, dry season supplemen­
tation (Le Houerou, 1987). 5. sesban has been recognized as having 
potential as a fodder crop, but this potential is generally known only in 
local situations (Evans and Rotar, 1987). However, the use of natural 
stands of Sesbanias as browse has been noted in Africa (Gillett, 1963). 
Increased use of sesban as forage has been reported in Western Kenya 
(Onim et al., 1989). Evaluation studies done by Onim et al. (1989) on 
Sesban's potential as a multipurpose tree (MPT) at Maseno Research 
Station, Kenya, as well as on farmersland have shown sesban as excel­
lent for forage, fuelwood, and improvement of soil fertility. Patil and 
Gill (1978) suggest that S. sesban is eminently suitable as a forage crop 
in the humid tropical area in Iraq (Townsend, 1974) and in West Africa 
(Dalziel, 1937). 
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There are certain traits that are significant in determining the 
potential of any multipurpose tree species. Plant height and the number 
of primary branches, though not always directly indicative of the 
fuelwood yield potential of an MPT, are usually positively correlated 
with fuelwood yields (Onim et al., 1989). Branchiness together with 
foliage abundance may be indicative of both fodder and soil fertility 
improvement potentials. The more abundant the foliage, the more the leaf 
litter. In their 1989 paper, Onim et al. state that leaf litter is the 
most effective method through which MPTs improve soil fertility. Leaf 
litter may also improve soil structure, soil moisture holding capacity 
and reduce soil erosion by acting as a mulch. Sanchez (1987) also 
reports litter production as one of the significant traits in trees and 
shrubs for soil improvement. 
In this paper the performance of eight accessions of S. sesban as 
far as height growth, basal diameter, length of live crown, foliage 
abundance, number of branches and branch lengths at ages two, five, and 
eight months are reported. Because each accession has a broad genetic 
base, an accession being made up of a collection of seeds from several 
mother trees, an understanding of the variability present in this species 
is obtained. As a result, implications for genetic improvement are 
discussed.' 
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MATERIALS AND METHODS 
The accessions analyzed in this paper are part of a wider array of 
accessions used in a study at six sites in Kenya in 1989/90 (Nyongo, 
1991a). For the purposes of this paper, eight accessions (Table 4.1) 
growing at four sites (Table 4.2) were selected, mainly because of the 
relatively high survival of these accessions at the four sites, hence, a 
more balanced data set. 
Field design at each site was a randomized complete block design 
with a three-row tree planting replicated four times. Spacing was 1.5 m 
X 1.5 m. Measurements were done at two, five and eight months at each 
site on two trees per accession per replication. Parameters measured/ 
counted/graded included; 
- height (cm) (measured from ground level to the tip of the leading 
shoot), 
- basal diameter (cm), measured at ground level, 
- length of live crown (cm), measured from the base of the lowest 
green branch to the tip of the leader, 
- number of branches (the number of live (first order) branches per 
tree), 
- length of the two longest branches (measured from the main stem to 
the tip of the branch), and 
- foliage abundance (1 =• no foliage, 2 = sparse foliage, 3 = moderate­
ly abundant foliage, and 4 = abundant foliage). 
Branch length was recorded as the mean of the two branches measured. 
Table 4.1. Origins of the S. sesban accessions 
ILGA No. Code Country Altitude Rainfall Mean 
or Name No. of origin (m) (mm) Temp (°C) 
9164 2 Ethiopia 1550 700 21.1 
10865 8 
13144 9 Kenya 1450 1900 21.0 
13887 11 Niger 270 
15037 21 Egypt — — — — 
Kitui 28 Kenya 900-1200 450-900 24-30 
Kakamega 29 Kenya 1500-1850 1100-1700 18-20 
Kitale 30 Kenya 1850-2150 800-1400 16-18 
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Soil Soil Latitude/ 
Soil Name Texture pH Habitat Longitude 
Hepatic 
Xerosol 
Clay Shore, water 
logged 
7 56' N 
38° 43' E 
Orthic 
Ferraisols, 
Orthic 
Clay 6.72 00 35' N 
34° 34' E 
Silt 5.91 Poorly drained edges 
of a seasonal stream 
emptying to a large 
river 
12 
2' 
15' 
23' 
N 
E 
Table 4.2. Data for test sites 
Latitude/ 
Longitude 
Altitude (m) (r) 
Rainfall (mm) 
Average annual potential 
evaporation (mm) (E°) 
r/E° (%) classification 
Mean annual temp (°C) 
Soil Texture 
Soil pH (Kcl 1:24) 
N% 
P ppra 
K me% 
Organic C(%) 
C/N 
C.E.C. (rae/lOOg) 
Previous history of site 
Ratta 
0° 3' S 
34° 33' E 
1473 
1270-1525 
1300-2100 
65-80 subhumid 
20-22  
clay 
4.6 
0 . 0 6  
11 
0.24 
0.56 
9:1 
16.13 
Most recently used as grazing 
land for farm animals, 
originally was maize field 
Soil analysis done by National Agricultural Laboratories, Kabete, 
Kenya. Soil sample taken at a depth of 30-45 cm. 
Other information from National Atlas of Kenya, Survey of Kenya, 
1970 and from research stations. 
Underlined numbers indicate deficiency. 
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SITES 
Muguga Katumani Eldoret 
1° 13' S 
36° 38' E 
1° 33' S 
37° 14' E 
0° 10' N 
35° 9' E 
2170 1596 2315 
1270-1525 510-760 1015-1270 
1300-2100 1550-2200 1450-2200 
65-80 sub-humid 49-50 semi-humid 
to semi-arid 
50-65 semi-humid 
16-18 18-20 14-16 
sandy clay sandy clay clay 
5.4 4.8 3.9 
0.04 0.03 0.09 
15 11 10 
0.50 0.63 0.45 
1.22 0.66 1.36 
30:1 22:1 15:1 
22.94 17.2 17.84 
Originally maize field 
but had been left fallow 
for a few years 
Previous year 
was a maize 
field 
Originally wattle 
plantation but had 
laid fallow for a 
few years 
Ill 
To identify outstanding accessions per site, a grading procedure 
used by IGRAF to measure superiority in the various traits was adopted. 
Percent trait superiority was calculated as follows : 
100 •100 
Where Ta is the average measurement of an individual accession, and Ts is 
the site average (average of the eight accessions per site). Points were 
then allocated as follows : 
0-5% superiority 
5-10% superiority 
10-15% superiority 
15-20% superiority 
over 20% superiority 
1 point 
2 points 
3 points 
4 points 
5 points 
For each accession at each site, all the points for all the traits were 
then added up to determine the accession that performed best at each 
site. Only the data from the 8-month measurements were used for the 
calculation of trait superiority. 
Statistical Analysis 
Average tree per plot values were subjected to the General Linear 
Model (GLM) of Statistical Analysis System (SAS Institute Inc., 1985). 
Correlation coefficients were also computed amongst the various traits 
with age and sites combined. 
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RESULTS AND DISCUSSION 
Height 
There was variation among the accessions within sites and across 
sites (Table 4.3). After 2 months of growth the accessions with greatest 
mean heights across the sites were Kakamega, Kitale and Kitui; and those 
with the least were Niger (11) and Ethiopia (2). These positions were 
maintained through to 8 months of age, indicating that selection may be 
done for first year height performance as early as after 2 months of tree 
growth in sesban. Analysis of variance showed significant differences 
among the ages (Table 4.4 and Table 4.5) but nonsignificance in accession 
X age interaction further confirming that selection can be done at 2 
months. Of the four sites, greatest mean height was attained by Katumani 
followed closely by Ratta. These two sites are located at lower alti­
tudes than the other two (Table 4.2). Though Sesbania sesban may occur 
at altitudes as high as 2150-2400 m above sea level (Teel, 1988), it 
grows best at lower altitudes. Oduol (1989) reported that it may grow 
from sea level to 2,000 m, above sea level. In Pakistan, it is known to 
grow best at 300-500 m while in India it grows to an altitude of 1,200 m 
(NAS, 1983). In Kenya, it thrives mainly in the midlands (900-1800 m) 
where there is a temperature range of 20-24°C (Teel, 1988). The two 
sites in this study that had best height growth both fit in Teel's 
altitude and temperature range of S. sesban. Analysis of variance showed 
significant differences among the sites and the accessions and also in 
sites X accession interaction (Table 4.5). Thus, selection for 
Table 4.3. S. sesban accession means over all sites for height, basal 
diameter and length of live crown after two, five, and 
eight months of growth 
Height (cm) 
Accession 2^ 5 8 
2 62 123 203 
8 68 151 222 
9 70 148 228 
11 55 126 208 
21 67 110 220 
28 91 180 271 
29 91 192 287 
30 82 166 259 
Site 
Eldoret 42±22 90±40 170+58 
Katumani 110+28 261±82 298+96 
Muguga 41±13 99+43 201+72 
Ratta 100+32 150±51 276+71 
^Months of growth. 
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Basal diameter (cm) Length of live crown (cm) 
2 5 8 2 5 8 
1.13 1 .58 2 .61 56 114 180 
1.25 1 .87 2 
00 00 
59 135 211 
1.42 2 .23 3 .54 66 147 215 
1.21 1, ,65 2, ,69 53 118 193 
1.20 1, ,76 3, ,25 62 103 205 
1.52 2, ,41 3. CO
 
o
 
84 169 258 
1.44 2. ,04 3, ,31 82 178 278 
1.49 2. 57 3. 79 78 146 217 
Means and Standard Deviations 
0.71+0.33 1.79+0.99 2.65±1.02 
2.15+0.29 3.06±0.92 3.9911.08 
1.55+0.15 1.77+0.54 3.2910.95 
0.93+0.25 1.46+0.47 2.95+1.01 
38123 88143 158+60 
105126 250+77 290+91 
35115 88143 180149 
92+29 132+54 247180 
Table 4.4. Analysis of variance for height, basal diameter, length of live crown, foliage abun­
dance, number of branches, and branch length with ages combined within sites. Values in 
parentheses are Pr>F 
Mean Squares 
Source of ^ 
Variation d.f. Eldoret Katumani Muguga Ratta 
Age 2 
Block (Age) 9 
Accession 7 
Accession x Age 14 
Error 59* 
125815 (<0.01) 
785 (0.69) 
11198 (<0.01) 
806 (0.72) 
1088 
Height 
309446 (<0.01) 
6692 (0.15) 
18664 (<0.01) 
4054 (0.51) 
4275 
208449 (<0.01) 262945 (<0.01) 
2800 (0.33) 1226 (0.87) 
4684 (0.08) 13548 (<0.01) 
1149 (0.94) 797 (0.99) 
2401 2441 
Length of live crown 
Age 2 
Block (Age) 9 
Accession 7 
Accession x Age 14 
Error 59 
109917 (<0.01) 
1414 (0.20) 
11591 (<0.01) 
1497 (0.14) 
999 
298475 (<0.01) 
5718 (0.19) 
16194 (<0.01) 
3521 (0.58) 
3971 
170650 (<0.01) 
1753 (0.16) 
5256 (<0.01) 
1260 (0.38) 
1148 
209320 (<0.01) 
3982 (0.20) 
13790 (<0.01) 
739 (0.99) 
Age 2 
Block (Age) 9 
Accession 7 
Accession x Age 14 
Error 59 
Basal diameter 
28.97 (<0.01) 26.86 (<0.01) 
0.27 (0.59) 1.23 (0.04) 
4.62 (<0.01) 1.86 (<0.01) 
0.63 (0.04) 0.35 (0.84) 
0.32 0.57 
28,45 (<0.01) 
0.11 (0.96) 
1.42 (<0.01) 
0.39 (0.34) 
0.34 
34.95 (<0.01) 
0.31 (0.29) 
2.37 (<0.01) 
0.40 (0.10) 
0.25 
•Degrees of freedom for Eldoret =59, Katumani =61, Muguga - 62, and Ratta =63. 
^Degrees of freedom for Katumani and Muguga. 
Table 4.4. Continued 
Mean Squares 
Source of 
Variation d.£. Eldoret Katumani Muguga Ratta 
Foliage abundance 
Age 2 (1) 0.26 (0.51) 0.00 (1.00) 6.04 (<0.01) 0.58 (0.12) 
Block (Age) 9 (6) 0.32 (0.60) 0.44 (0.95) 0.21 (0.40) 0.29 (0.38) 
Accession 7 (7) 2.77 (<0.01) 4.17 (0.65) 0.52 (0.02) 2.09 (<0.01) 
Accession x Age 14 (7) a 0.32 (0.64) 1.94 (0.46) 0.28 (0.23) 0.56 (0.02) 
Error 59 (40) 0.39 0.28 0.20 0.26 
Number of branches 
Age 2 642 (<0.01) 886 (<0.01) 5225 (<0.01) 885 (<0.01) 
Block (Age) 9 46 (0.16) 54 (0.78) 37 (0.93) 137 (0.21) 
Accession 7 267 (<0.01) 309 (<0.01) 229 (0.03) 504 (<0.01) 
Accession x Age 14 15 (0.91) 57 (0.81) 112 (0.31) 41 (0.96) 
Error 59 30 87 94 98 
Branch length 
Age 2 250044 (<0.01) 471742 (<0.01) 371033 (<0.01) 482808 (<0.01) 
Block (Age) 9 540 (0.97) 8686 (0.12) 1424 (0.63) 11874 (<0.01) 
Accession 7 29524 (<0.01) 23802 (<0.01) 8426 (<0.01) 18855 (<0.01) 
Accession x Age 14 4789 (0.01) 2902 (0.89) 2178 (0.29) 3053 (0.38) 
Error 59 1859 5300 1808 
Table 4.5. Analysis of variance for height, basal diameter, length of live crown and number of 
branches with ages and sites combined. Values in parentheses are Pr>F. 
Mean Squares 
Basal Length of Number of Branch 
Source d.f. Height diameter live crown branches length 
Age (A) 2 820016 (<0.01) 113. 07 (<0.01) 712701 (<0,01) 5257 (0.00 1443432 (<0.01) 
Site (S) 3 294575 (<0.01) 34. 65 (<0.01) 285800 (<0.01) 7133 (<0.01) 180689 (<0.01) 
A X S 6 21786 (<0.01) 1. 54 (<0.01) 19808 (<0.01) 770 (<0.01) 32783 (<0.01) 
Blocks (A X S) 36 2839 (0.32) 0. 48 (0.12) 3094 (0.08) 69 (0.66) 5590 (<0.01) 
Accession (AC) 7 26934 (<0.01) 4. 91 (<0.01) 24850 (<0.01) 545 (<0.01) 36244 (<0.01) 
AC X A 14 2238 (0.59) 0. 52 (0.15) 2659 (0.29) 57 (0.74) 6184 (0.01) 
AC X S 21 7195 (<0.01) 1. 84 (<0.01) 7418 (<0.01) 259 (<0.01) 14734 (<0.01) 
AC X A X S 42 1588 (0.97) 0. 42 (0.29) 1518 (0.93) 57 (0.88) 2283 (0.84) 
Error 245 2561 0. 37 2242 78 2944 
Corrected Total 376 
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height cannot be done at one site for the other three sites. As far as 
percent superiority is concerned, the Kenyan accessions performed quite 
well (Table 4.7). At the Eldoret site, they were the only ones with 
positive values, with Kitui and Kakamega accessions having the highest 
percent superiority. Note should be taken of the Kitui accession which 
was superior to the site means across all sites. The significant 
differences among the accessions shows that accession selection is 
imperative. From Table 4.7, for accession selection purposes, Kitui and 
Kakamega could be selected for the Eldoret and the Katumani sites ; Kitui, 
Kitale and Egypt accessions for the Muguga site; and the Kakamega 
accession for the Ratta site if height was to be used as a selection 
criterion. However, the end use of the trees would dictate the preferred 
height and, therefore, the accessions required because for browse 
purposes, very tall trees may cause difficulty in browsing. This is also 
true in cases of pod harvesting. Whereas for fuelwood purposes tall 
trees would be advantageous because in this species there is a positive 
correlation of height growth and specific gravity (Nyong'o, 1991a). 
Basal Diameter 
As with height the four Kenyan accessions had the highest mean basal 
diameters at age two months through eight months (Table 4.3). Age x 
accession interaction was not significant (Tables 4.4 and 1.5), there­
fore, selection for basal diameter at two months can be done in most 
sites but not at Eldoret (Table 4.4). Accession x site interaction was 
significant (Table 4.5). Therefore, selection for basal diameter cannot 
Table 4.6. S. sesban accession means over all sites for foliage abun­
dance , number of branches, and mean length of the two longest 
branches after two, five, and eight months of growth 
Foliage abundance 
Accession 2^ 5 8b 
2 2.2 2.7 2.7 
8 2.5 2.8 2.2 
9 3.0 3.3 3.1 
11 2.4 2.8 2.3 
21 2.9 2.9 2.6 
28 • 3.0 3.1 2.6 
29 2.8 2.9 2.6 
30 3.3 3.4 3.2 
Site 
Eldoret 2 .6±0, ,9 2, 
o
 
+1 CO 
,8 2 ,6+0, ,5 
Katumani 3 .0±0, ,6 3 ,0+0, ,5 
Muguga 2, ,7±0. 6 3. ,3+0, 3 
Ratta 2. ,7±0. ,7 2, ,9±0, 6 2, 7+0, ,7 
^Months of growth. 
^Foliage abundance data for Katumani and Muguga at eight months 
missing. 
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Number of branches Average long branch length 
2 5 8 2 5 8 
15 17 25 31 109 207 
16 18 24 34 121 226 
19 22 33 43 148 264 
15 16 23 36 110 216 
15 14 30 43 110 235 
19 21 34 52 178 332 
21 26 35 42 135 273 
19 19 31 60 172 318 
Means and Standard Deviations 
10+4 13+7 19+9 24+20 88+58 204+97 
28+5 34±11 39±12 72+24 249±84 307±111 
6+2 11+5 30+16 30+11 112±40 245+72 
24+7 18+9 28+15 44±23 94±52 277±107 
Table 4.7. Percent trait superiority in height, foliage abundance, basal 
diameter and live crown of eight accessions of S. sesban at 8 
months of age 
Height Foliage Abundance 
Accession EL KT MG RT EL RT 
2 -23 -19 4(2) -16 -9 11(3) 
8 -10 3(1) -7 -12 -5 -31 
9 17(4) -14 -19 4(1) 14(3) 18(4) 
11 -8 -7 -25 -11 -14 -12 
21 -42 -25 14(3) 8 ( 2 )  -11 6(2) 
28 28(5) 15(4) 16(4) 5(1) 14(3) -16 
29 26(5) 32(5) -5 26(5) -5 -3 
30 5(2) 14(3) 21(5) -1 14(3) 25(5) 
aEL =• Eldoret, KT - Katumani, MG - Muguga, RT = Ratta. 
Values in parentheses represent points allocated for percent 
superiority. Negative values receive no points. 
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% Trait Superiority 
Basal diameter Length of live crown 
EL KT MG RT EL KT MG RT 
-49 -8 -2 -44 -18 -18 -12 -21 
-19 1(1) -18 -12 -8 0(1) 3(1) -9 
38(5) -6 -8 26(5) 4(1) -14 -10 10(2) 
-14 -3 -19 -25 -17 -6 -25 -10 
-48 -17 40(5) 9(2)  -41 -24 24(5) 3(1) 
49(5) 17(4) 18(4) -9 38(5) 18(4) 28(5) -1 
1(1) 1(1) -12 22(5)  44(5) 30(5) 6(2)  28(5) 
29(5) 14(3) 2(1) 13(3) -17 14(3) -14 1(1) 
Table 4.8. Percent trait superiority in number of branches and branch length of 8 accessions of S .  
sesban at 8 months of age 
Trait Superiority 
Number of branches Branch : Length 
Accession EL^ KT M6 RT EL KT MG RT 
2 —16 -3 -7 -33 -42 -14 4(1) -32 
8 -32 20(4) -37 -36 -24 -5 -29 1(1) 
9 37(5) 8(2) -10 25(5) 29(5) -19 -11 18(4) 
11 10(2) -8 -40 -39 -37 3(1) -12 -26 
21 -53 —26 50(5) 14(3) -45 -18 26(5) -14 
28 21(5) 32(5) 47(5) 10(2) 65(5) 37(5) 27(5) -7 
29 42(5) 20(4) -10 43(5) 14(3) -10 84(5) 36(5) 
30 0(1) -10 16(4) 21(5) 35(5) 26(5) 8(2) 23(5) 
®EL = Eldoret, KT = Katumani, MG = Muguga, RT = Ratta. 
Values in parentheses represent points allocated for percent superiority. Negative values 
receive no points. 
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be done at one site for the other three sites. Katumani site had a much 
greater average basal diameter (3.06) (Table 4.3) than the others. 
Coupled with the fact that it also had the best mean height, it makes it 
a very favorable site for S. sesban growth. The site with the least 
basal diameter was Ratta. Among the accessions, Kitui and Kitale had the 
highest mean basal diameter at 3.80 and 3.79 cm, respectively, (Table 
4.3) at eight months after planting. The same two accessions had 
relatively high percent trait superiority (PTS) in most of the sites. 
The Kitui accession had high PTS at all sites but Ratta, whereas, 
Kakamega accession PTS was only evident at Ratta (Table 4.7). Worth 
noting is the PTS of Kenyan accession 9 at the Eldoret site and Egyptian 
accession 21 at Muguga. As was mentioned earlier with height, these 
values can be used as a criterion for selecting accessions for each site 
for reforestation purposes. Basal diameter is important as far as 
fuelwood use of sesban is concerned because of the positive correlation 
it has with both fuelwood volume and wood density (Nyong'o, 1991a). 
Length of Live Crown 
The same general observations made with height apply to length of 
live crown because it generally follows the same pattern as height as can 
be seen in the data. The only big variation occurs in percent trait 
superiority where the Kitale provenances have a PTS of 14% at the Muguga 
site compared to 21% under height (Table 4.7). Live crown is a trait 
that is important when fodder is the end use of an MPT. 
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Foliage 
At all the sites, classification of foliage was around the moder­
ately abundant range (Table 4.6) indicating that S. sesban is quite 
prolific where foliage production is concerned. From Table 4.6 it can be 
seen that more foliage was present across the sites and by all acces­
sions when the trees were five months old. The measurements at two 
months were done immediately at the cessation of the long rains, the five 
month ones during the dry season and the final (8 months) measurements 
were done after the short rains. Accordingly, the most foliage should 
have occurred at either age two or eight months. The analysis of 
variance (Table 4.4) shows that accession x age interaction is not 
significant except at Ratta. 
Number of Branches 
The least number of branches produced by any one accession at any 
one site 8 months after planting was nine, produced by the Egyptian 
accession at the Eldoret site, whereas the highest number of branches 
(52) occurred with accession 28 at Katumani, giving a range of 9-62 
branches. In a species trial by Onim et al. (1989) at Maseno, they 
reported a range of 36-58 branches for eight month old S. sesban trees 
and a mean of 52.1. This was. in comparison to other MPTs, like Leuceana, 
Gliricidia, A. HockiL, and A. polycantha, all of which had mean number of 
branches of 25, 6.8, 22.1, and 37, respectively. In another study by 
Onim and Otieno (1989), they reported mean number of branches for S. 
sesban, S. goetzei, and S. keniensLs to be 45, 44 and 42, eight months 
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after planting, respectively. Values reported in this paper are well 
below those of the above two studies. The site mean was highest at 
Katumani with a mean of 39 and lowest at Eldoret with a mean of 19. 
Accession differences were significant (Table 4.4 and Table 4.5) at 
all sites and with sites combined. Selection for accessions can there­
fore lead to improvement of the trait. All across the sites, accession x 
age interaction was not significant, therefore, selection for number of 
branches can safely be done at an earlier age. The Kenyan accessions, 
28, 29, and 9, had high PTS for this characteristic at Eldoret. At 
Katumani the highest PTS was attained by accessions 28, 29, and 8; 
whereas at Ratta, accessions 9, 29, and 30 had the highest values. 
Accessions 21 and 28 had the highest values at Muguga while accession 29 
had a lower value than the site mean. Worth noting is the less branchi-
ness of Kenyan accession 30 compared to the other Kenyan accessions 
across the sites. Branchiness is an important trait as far as fuelwood 
potential of a species is concerned. The more branches the tree has, the 
higher the fuelwood volume would be. Accession 28, which in this paper 
has the highest number of branches, also was reported by Nyong'o (1991a) 
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to have one of the highest mean fuelwood volumes of 1186 cm , among 
several accessions of sesban, after 8 months of growth. 
Branch Length 
In almost all cases at age 8 months, the mean length of the two 
longest branches (Table 4.6) had values higher than the mean height for 
the same accession (Table 4.3). For example, trees of accession 28 at 8 
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months had a mean height of 271 cm and a mean branch length of 332 cm. 
The long lengths of branches could be advantageous if trees are grown 
solely for firewood so instead of having to cut back the trees frequent­
ly, the branches could be pruned for use as firewood. It could also be 
advantageous when trees are used for fodder and/or shade for livestock. 
However, in cases where the trees are intercropped with food crops, such 
as maize, millet or sorghum, the long branches may shade off sunlight 
from the crops or physically destroy them during wind movements. Once 
again, the Katumani site had the best growth with a mean branch length of 
307 cm while Eldoret had a mean of 204 cm. Accession differences, 
accession x age interaction and accession x site interaction were all 
statistically significant (Table 4.5). However, from one site to 
another, accession x age was only significant at Eldoret. Selection at 
two months of age can only be done, therefore, at the other three sites. 
From Table 4.7 selection of accessions for individual sites can be done 
by selecting those with the higher PTS's. Accessions 9, 28, and 30 would 
be selected for Eldoret; 28 and 30 for Katumani; 21, 28 and 29 for 
Muguga; and 29 and 30 for Ratta. 
Percent Trait Superiority 
Table 4.8 shows the total number of points attained by each acces­
sion at each site with all the traits combined. A grading method such as 
this can be utilized easily to select accessions for individual sites. 
Accession 2 has generally poor performance across the sites, therefore, 
it may not be suitable for any one of these sites. Accession 8 may be 
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considered for Katumani but because of the better performance of 28, 29, 
and 30, the latter would generally be better choices. Accession 9 would 
best be planted at either Eldoret and Ratta. The Niger accession like 
the Ethiopian one did not do very well at any site. Accession 21 (Egypt) 
would be selected for Muguga whereas Kenyan accession 28 would do well in 
Eldoret, Katumani and Muguga. The remaining two accessions performed 
well across the sites and can be considered for any of the four sites. 
Stability of these accessions across the environments is a subject of 
another paper (Nyong'o, 1991b). 
Correlation Between Traits 
Height had a very high positive correlation with length of live 
crown especially at Katumani where the correlation coefficient was 1.00 
(Table 4.10). It is, therefore, unnecessary to take both traits into 
account when selection is being done. Genetic improvement of height 
would consequentially lead to improvement of live crown. There was also 
a high correlation of height with branch length at all sites. The number 
of branches was correlated with height, diameter and length of live crown 
at the values ranging from 0.4-0.79, except at Muguga where values above 
0.8 occurred. Foliage abundance was correlated to other traits, with 
only low r values, at times less than 0.2. Generally, however, a breeder 
selecting for any one of these traits automatically selects for the 
others. 
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Table 4.9. Total number of points attained by each S. sesban accession 
over all traits except foliage abundance at each site 
Sites 
Accession Eldoret Katumani Muguga Ratta 
2 0 0 2 0 
8 0 7 1 1 
9 24 2 0 17 
11 2 1 0 0 
21 0 0 23 8 
28 25 22 23 3 
29 19 20 8 25 
30 13 15 12 14 
Table 4.10. Correlation coefficients among several traits in S. sesban 
within 4 planting sites. Values in parentheses represent Prob 
>_N 
Correlation coefficients 
Variables HT DIM LLC FA BR BRAL 
Eldoret 
HT 
DIAM 
LLC 
FA 
BR 
BRAL 
HT 
DIAM 
LLC 
FA 
BR 
0 . 8 1  
(<0.01) 
0.87 
(<0.01) 
0.95 0.30 0.79 0.86 
(<0.01) «0.01) (<0.01) (<0.01) 
0.75 0.39 0.67 0.88 
«0.01) «0.01) (<0.01) «0.01) 
0.28 0.78 0.81 
(<0.01) (<0.01) (<0.01) 
0.50 0.34 
(<0.01) (<0.01) 
0.66 
(<0.01) 
Katumani 
1.00 0.19 0.77 0.88 
(<0.01) (0.14) (<0.01) (<0.01) 
0.88 0.39 0.72 0.88 
(<0.01) (<0.01) (<0.01) (<0.01) 
0.19 0.76 0.89 
(0.15) (<0.01) (<0.01) 
0.20 0.25 
(0.11) (0.05) 
0.57 
(<0.01) 
BRAL 
^HT - height, DIAM = basal diameter, LLC - length of live crown, FA -
foliage abundance, BR - number of branches and BRAL = length of branches. 
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INTRODUCTION 
One of the most promising multipurpose tree species for use in Kenya 
and similar regions of Africa is the legume Sesbania sesban. S. sesban 
is a fast growing, short-lived tree that regenerates rapidly after 
pruning or cutting, fixes nitrogen, provides fuelwood, fodder and fibre 
(NAS, 1980). Sesban grows under a wide range of edaphic conditions (NAS, 
1983; Murphy, 1989; Onim et al., 1989; Kwesiga, 1989; Oduol, 1989; 
Hussain, 1989). Teel (1984) reports that it is a soil stabilizer and 
grows well in swampy areas. There are impressive reports of soil 
improvement through intercropping with this species in Kenya's Siaya and 
Kakamega districts (Rocheleau et al., 1988). There is, however, current­
ly, little enthusiasm for genera like Sesbania among foresters because of 
its shrubby form, low-density wood, short fibre, limited lifespan and 
irregular habit (Brewbaker, 1989). He, however, predicts with absolute 
certainty that genetic improvement can be achieved with the sesbania's 
and suggests that breeding should focus on enhancement of fodder and wood 
qualities. Most of the studies to date have concentrated on trials at 
the species level rather than at the provenance level. 
A formally-based breeding strategy for any species depends on 
reliable information on the underlying variation and pattern of inheri­
tance of the characters for which selection will be made (Samuel and 
Johnstone, 1979). Furthermore, when accurate estimates of genetic 
variances are available, it is possible to make realistic predictions of 
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times and costs likely to be incurred under different breeding schemes 
and selection intensities. The magnitude of genotypic progress from 
selection of any trait is dependent on the amount of heritability and the 
selection differential (Alika, 1985). Heritability values express the 
proportion of variation in the population that is attributable to genetic 
differences among individuals and is of key importance in estimating 
gains that can be obtained from selection programs (Wright, 1976). 
Heritability estimates are, however, specific to a particular population 
growing at a specific site at a certain point in time. Heritability 
values that have much general usefulness are, therefore, difficult to 
obtain (Hanover and Barnes, 1969). Values that are published are useful 
simply as gross indicators of the feasibility of selection for one or 
more traits (Namkoong et al., 1966; Campbell, 1964). Heritability 
estimates are useful in predicting genetic gains in a tree improvement 
program, especially at the early stages. 
Genetic correlations are useful in tree improvement because they 
indicate the degree to which one trait will change as a result of a 
change in another trait (Zobel & Talbert, 1984). As a result of the 
structure of genes in a genome, traits may be interdependent and because 
of this interdependence the expression of traits may be correlated 
(Foster, 1986). They, therefore, determine the degree to which indirect 
selection will be successful. Burdon (1977) refers to genetic correla­
tions estimated for different traits measured in the same individuals as 
Type A genetic correlations. If two traits are positively correlated, 
improving one trait will at the same time improve the other. 
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This paper, therefore, attempts to estimate inheritance patterns and 
looks at interrelationships among several growth traits. 
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MATERIALS AND METHODS 
Details of the materials, experimental design and measurement 
procedures have been reported elsewhere (Nyong'o, 1991). Briefly, eight 
accessions of S. sesban were evaluated for growth characteristics at four 
sites within Kenya. The sites included Eldoret, Ratta, Katumani, and 
Muguga. Height, basal diameter, length of live crown, number of branches 
and length of the two longest branches were measured at 2, 5, and 8 
months after planting. 
Statistical Analysis 
The general linear model of the Statistical Analysis System (SAS 
Institute Inc., 1985) was used to give the mean square expectations for 
estimating the variance components for estimation of heritability (Table 
5.1). Type A genetic correlations were computed as follows; 
Covg 
X ' V  
" yv . V 
x-y X y 
where r^ = Genotypic correlations between character x and y 
x«y 
CoVg = Covariance between x and y 
x»y 
and Vy = variance components for traits x and y, 
respectively. 
Heritability was estimated for each character as follows: 
- V<VV/=a-^V-r> 
• V'YW./sr> 
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"U) - V< VVr' 
where » variance due to accession (genetic variance) 
- variance due to genotype x environment 
V = Error variance 
e 
p, s and a — number of provenances, sites and ages 
2 
h(as) " heritability estimates from sites and ages combined 
2 h = heritability estimates from sites combined within 
age 
2 
h, , = heritability estimates from each location at age 8 
^ months 
and V is equivalent to V where V = variation due to accessions 
g P P 
a type of broad sense genetic variation due to the 
selection of specific populations, 
V = V +V +V or 
ge psa pa ps 
V = V 
ge ps 
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Table 5.1. Variance components of mean squares 
Source d.f. Variance components^ 
Ages and sites combined 
Ages (A) A-1 
Sites (S) S-1 
A X S (A-1)(S-1) 
Reps within 
A and S AS(r-l) 
Accessions (P) (P-1) V + 
e 
rV psa 
+ raVp^ + rsVpa + rasV^ 
P X A (P-1)(A-1) V + 
e 
rV psa 
+ rsVpa 
P X S (P-1)(S-1) V + 
e 
rV psa 
+ rsVps 
P X A X S (P-1)(A-1)(S-1) V + 
e 
rV psa 
Error SA(P-l)(r-l) V 
e 
Sites combined within aees 
S S-1 
Reps within S S(r-l) 
Accessions (P) P-1 V + 
e 
raV ps 
+ rsV 
P 
P X S (P-1)(S-1) V + 
e '"ps 
Error S(P-1)(S-1) V 
e 
Within aees within sites 
Reps r-1 
Prov. P-1 V + 
e 
rV 
P 
Error (P-l)(r-l) V 
e 
^ = error variance. 
e 
Vp = genotypic variance due to accession. 
V = variance due to Accession x site x aee interaction, psa " 
V = variance due to accession x age interaction. pa 
V = variance due to accession x site interaction. ps 
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RESULTS AND DISCUSSION 
Heritability 
There was significant change in heritability estimates for sites 
2 
combined within ages (h and heritability estimates for ages and sites 
2 
combined (h for all the traits (Table 5.2). It, therefore, seems 
that age variation is likely to be a significant factor in selection for 
this species. However, this may not necessarily hold true because the 
data was taken only within the first year of growth and these differences 
may be seasonal. In addition, in a previous paper (Nyong'o, 1991), age x 
accession interaction was found not to be statistically significant among 
these accessions. In several studies, it has been found that herita­
bility estimate increases with age in other species (Namkoong and Conkle, 
1976; Mohn and Randall, 1971; and Nienstaedt and Riemenschneider, 1985). 
However, Nienstaedt and Rieraenschneider (1985) reported that the increase 
is expected during the early years of growth but should level off or 
begin to decline after crown closure. In relation to this, Burdon (1977) 
stated that year-to-year climatic fluctuations tend to be averaged over a 
rotation. This, therefore, may not be an important contribution to 
environmental variance. No studies in connection to this have, however, 
been done with sesbania. 
Heritability estimates for all traits were lower at both Katumani 
and Muguga indicating that the sites had more environmental variation. 
The traits showed significant variation from one site to another except 
2 
with the length of live crown at both Katumani and Muguga where h was 
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Table 5.2. Estimates of broad-sense heritabilities for several traits 
among S. sesban accessions 
Heritability estimates 
Trait EL 
(a) 
KT MG RT 
(s) (sa) 
Height 
Basal 
diameter 
Length of 
live crown 
0.80 0.42 0.23 0.55 
0.88 0.23 0.34 0.72 
0.83 0.38 0.38 0.53 
0 . 6 6  
0.58 
0.78 
0.81 
0.70 
0.78 
Number of 
branches 
Length of 
branches 
0.72 0.37 0.29 0.55 
0.76 0.59 0.40 0.67 
0.42 
0.50 
0.49 
0.64 
(a) heritability estimates from sites combined within ages. 
h^g^ =• heritability estimates from each site at eight months. 
2 h, . = heritability estimates from sites and ages combined. 
br,. Sites where: EL = Eldoret; KT = Katumani; MG = Muguga; RT = Ratta. 
144 
0.38. Heritability estimates were highest (0.72-0.88) at Eldpret for all 
traits indicating greater influence of genetic control at that site. In 
a previous paper (Nyong'o, 1991), Katumani and Ratta were found to have 
higher mean trait values for most of the traits whereas growth was poorer 
at Eldoret and Muguga. An accession x environment interaction was 
reported to be highly significant. Yet, the heritability values are 
rather low at Katumani due to a large environmental variance. Selection 
would, therefore, be more efficient at Ratta which has less environmental 
variance especially as far as basal diameter is concerned. Because of 
the small variability in environmental conditions at Eldoret, selection 
of accessions for future breeding work would also be more efficient 
there. Selection at Katumani where heritabilities are low, may, however, 
be misleading in nature. Heritability estimates calculated on the basis 
of data from one site can be an overestimation (Wright, 1976; Namkoong et 
al., 1966; Zobel, 1961). Although this does not hold true for the other 
three sites where there is an increase in heritability from within 
location to locations combined. It should be remembered that heritabil­
ity estimates having much general usefulness are difficult to obtain 
(Hanover and Barnes, 1969) and that published values are useful simply as 
gross indicators of the feasibility of selection for one or more traits 
(Campbell, 1964; Namkoong et al., 1966). 
Generally, the values obtained in this paper show relatively 
moderate to high heritability for all traits making genetic improvement 
possible. Genetic improvement in S. sesban can be done rapidly because 
of S. sesban's fast growth and the fact that flowering occurs within the 
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first year of growth. Good genetic gains are, therefore, possible from a 
moderate selection program in S. sesban involving the characters studied 
here. 
Correlation 
All the correlation coefficients were positive and highly signifi­
cant among all the traits with the highest correlation being between 
height and length of live crown (Table 5.3). The gain from direct 
selection for any one of these traits will cause a gain in indirect 
selection for all the others. There is, however, a slightly weaker 
relationship (0.64) between number of branches and branch length. In 
Nyong'o's (1991) paper this relationship was found to range from 0.40-
0.84 when individual sites were considered. It has been suggested that 
only the sign and relative size of a genotypic correlation need to be 
considered as genotypic coefficients have high standard errors of 
estimate (Goggans, 1964). 
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Table 5.3. Genotypic correlations for height, basal diameter, length of 
live crown, number of branches and branch length among S. 
sesban accessions. All correlations were significant at the 
0.01 level of probability 
Genotypic correlations 
Trait 1 2 3 4 5 
Height (1) 1.00 ,0.82 0.96 0.79 0.86 
( 0 . 0 0  ( 0 . 0 0 )  ( 0 . 0 0 )  ( 0 . 0 0 )  
Basal 1.00 0.82 0.71 0.89 
diameter (2) (0.00) (0.00) (0.00) 
Length of 1.00 0.78 0.86 
live crown (3) (0.00) (0.00) 
Number of 1.00 0.64 
branches (4) (0.00) 
Branch length (5) 1.00 
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INTRODUCTION 
A condition that is of key importance in studying variation is 
commonly referred to as genotype x environment interaction (Zobel and 
Talbert, 1984). They describe it as a condition "where there is a change 
in the performance ranking of given genotypes when grown in different 
conditions." Genotype x environment interaction is a source of variation 
of phenotypic values which in most analyses is inseparable from environ­
mental variance (Falconer, 1960). In cases where it is separable and 
large, it cannot be ignored. Wright (1976) states that if the interac­
tions are large and can be interpreted sufficiently to permit forecasts 
of where particular genotypes will excel or grow poorly, they cannot be 
ignored. Burdon (1977) questioned whether selection should be based on 
the best genotypes for individual environments or for genotypes that have 
above average performance across locations. However, Kung and Clausen 
(1980), when working with white ash, reached the conclusion that a 
forester should choose the site first and the best seed source second to 
obtain fast growing plantings. Too often the best seed source is 
selected for a certain site and then is grown in other environments. 
Knowledge is, therefore, needed about how stable a given genotype is when 
grown in quite different environments (Hanson, 1970). Genotype x 
environment interactions in tree breeding have been reviewed by several 
authors (Zobel and Talbert, 1984; Bridgewater and Stonecypher, 1978; 
Burley and Kemp, 1972; Shelbourne and Campbell, 1976; Squillace, 1970). 
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Techniques of Estimating GxE Interaction 
Several techniques have been developed to show the importance and 
magnitude of genotype x environment interaction. These include very 
simple techniques that only indicate the presence or absence of an 
interaction and more complex ones that are able to characterize genotypes 
as to their stability across environments. A very simple and preliminary 
technique for determining the presence of genotype-environment interac­
tion is by using the rank position of each of the various phenotypes in 
each of various sites or environments. If there is a change in ranking 
from one site to another among the genotypes, there is an indication of 
interaction. The major disadvantage with this technique, however, is 
that there is no statistical evidence that the changes are significant. 
Earlier statistical approaches were based on simple analysis of variance 
(Corastock, 1960; Comstock and Moll, 1963) which would indicate presence 
or absence and magnitude of the interaction. More sophisticated tech­
niques, that show stability or instability of genotypes, have been 
developed over time from the principle of variance analysis. Owino 
(1977) recognized three trends that stability analyses had followed in 
development for practical applications. Onokpise (1984), however, 
grouped them into five classes. 
Both Owino (1976) and Onokpise (1984) recognized the group of 
techniques that aim at determining individual contributions to the 
genotype x environment interactions sums of squares in analysis of 
variance. Included in this group is the method proposed by Plaisted and 
L. C. Peterson (1959) which involves individual genotypes being elim­
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inated one at a time from the general analysis, and the resulting 
reductions in genotype x environment interaction variance being their 
proportionate contribution. Similar methods were developed by Wricke 
(1962) and Skukla (1972), who called their stability parameters as 
"ecovalance" and "stability variance", respectively. 
Another way of using the principle of variance analysis is through 
the regression of the genetic values in the environments. The regression 
analysis method was developed and applied by Finlay and Wilkinson (1963) 
based on the principles of Yates and Cochran (1938). The method basical­
ly involves linear regression of individual values of a given charac­
teristic of each genotype on the overall mean of each site (environmental 
index). The method is effective in emphasizing the actual trend of 
responses to a range of environments. Finlay and Wilkinson (1963) 
recognized the regression coefficient (b) and the individual genotype 
mean over all environments as the two most important indices. When b=l, 
the genotypes are said to have average stability. In cases where b=0, 
the genotypes have perfect stability thereby showing stable performance 
in the environments tested. When b>l and b<l, then the genotypes have 
below average and above average stabilities, respectively. Eberhart and 
Russell (1966) developed a similar technique. Hardwick and Wood (1972), 
however, suggested that factors of the environment that are important 
physiologically to the species be used instead of the index. In this 
study the method developed by Finlay and Wilkinson has been used because 
it is simple and yet effective in emphasizing the pattern of genotypic 
response to a range of environments. 
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The regression method was further extended by Tai (1971) who 
believed that the method previously discussed introduced a forced covari-
ance that complicates interpretation. He, therefore, used structural 
analysis to calculate a pair of stability parameters in his study with 
potatoes. Hanson (1970) developed a method that makes use of Euclidian 
distances to derive "relative genotypic stability" and "comparative 
genotypic stability." 
The method of genetic correlations between environments developed by 
Falconer (1952, 1981) considers genotypes and environments together. His 
work with mice, regarded the performance in two different environments as 
two different traits. The method was extended for use in tree breeding 
by Burdon (1977) and allows the breeder to compare the value of different 
environments. 
Finally, based on earlier works, Shelbourne and Campbell (1976) 
suggested the use of multivariate analysis in the grouping of environ­
ments. This paper examines the stability of performance of accessions of 
S. sesban across several sites in Kenya using Finlay and Wilkinson's 
(1963) regression analysis method. 
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MATERIALS AND METHODS 
The accessions reported in this paper were part of a larger number 
of accessions planted at six sites in Kenya during the long rains of 
1990. A total of 30 accessions of S. sesban were planted at Katuraani, 
Muguga, Turbo, Eldoret, Ratta and Got Ramogi. Each accession was planted 
in at least two sites with each site having a total of 20 accessions 
(Nyong'o, 1991a). Because of the unbalanced distribution of accessions 
at certain sites, 8 accessions.and 4 sites were selected for the purposes 
of this paper. Details of accession origin, test sites and experimental 
procedure have been detailed in a previous paper (Nyong'o, 1991b). In 
brief, the accessions selected included four from Kenya (accessions 9, 
28, 29, 30); one from Ethiopia (accession 2); one from Egypt (accession 
21); one from Niger (accession 11) and one of unknown origin (accession 
8). The sites covered in these papers are Katumani, Muguga, Eldoret and 
Ratta. 
The trees were measured at these sites at 8 months after planting. 
Among the traits measured were height, basal diameter, length of live 
crown, foliage abundance, number of branches and length of the two 
longest branches. For the purposes of this paper, regression coeffi­
cients are reported for all traits except foliage abundance, but the 
discussion is based on height. 
Statistical Analysis 
Accession means were subjected to the General Linear Model (GLM) of 
the Statistical Analysis System (SAS Institute Inc., 1985). The model 
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used for the regression coefficient was the Eberhart and Russell model 
where 
and 
_X, +b,(X j - X _) +d,j 
X^j - accession mean of the i^^ accession at the sites 
tin 
X^ = the mean of the i accession over all 
= regression coefficient that measures the stability of 
the i^^ accession across the sites 
— til X . - mean of all the accessions at j site 
• J 
X = mean of all the accession over all sites 
d^j = deviation from linear response 
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RESULTS AND DISCUSSION 
The performance of each accession is summarized by its mean, range 
and regression coefficient in Table 6.1 for height. Regression coeffi­
cients for other traits are listed in Table 6.2. However, attention is 
given to height as the major trait. The wide range of the regression 
coefficients for height (0.810 - 1.680) are a result of the accessions 
never having undergone any selection process for the sites. Accessions 2 
and 9 have b values less than 1.0 which indicates greater resistance to 
environmental change (above average stability), therefore increasing 
adaptation to unfavorable environments. The difference among these 
accessions, however, is in terms of adaptability (Figure 6.1, Figure 5.2, 
and Figure 6.3). The Kenyan accessions 28 and 30 are generally well 
adapted to all sites, whereas Niger, accession 11 and Egypt accession 21 
are poorly adapted to all environments because they had low mean heights 
over all environments. The Kenyan accession' 29 was the only accession 
which had a regression coefficient of well above 1.0 indicating below 
average stability. This accession is very sensitive to changes in 
environment, performing better than average in good environments but less 
than average in poor environments. It is, therefore, specifically 
adapted to high potential areas. 
Because of the relatively large standard errors, in addition to the 
fact that there are no b values close to 0, it can be said that the 
accessions are generally unstable in their response to environment. Of 
the 8 accessions, five show average stability but only two of the five 
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Table 6.1. Mean height and regression coefficient of 8 accessions of S. 
sesban grown at 4 sites in Kenya 
Accession (Code No.) Mean Range b 
Ethiopia (2) 202 .7 130, .0-240, .1 0, 723* 
Unknown (8) 222 .0 152, ,5-308, .5 1, .085** 
Kenya (9) 227 .9 163, .6-257. ,1 0, ,737* 
Niger (11) 207 .8 151. ,5-276, ,2 1, 017** 
Egypt (21) 219 ,8 98. ,3-298, ,1 0. 999** 
Kenya (28) 270 .9 217, .5-344, ,4 0, ,916** 
Kenya (29) 286, ,9 191. 7-394. 4 1. 551** 
Kenya (30) 259, ,1 178, ,7-340, ,4 1. ,034** 
^Significant at the 1% level. 
^^Significant at the 5% level. 
Table 6.2. Regression coefficients for basal diameter, crown length, 
number of branches and branch length among 8 accessions of S. 
sesban grown at 4 sites in Kenya 
Regression coefficients 
Basal Crown Number of Branch 
Accession diameter length branches length 
2 1, .603* 0 .765* 1, 157 1 .098 
8 1, 377 0, ,980** 1, ,680* 1, .499 
9 0, ,004 0 .838** 0, ,738 0 .184 
11 1, ,360 1, ,083 0. 791 1, ,605 
21 1, .228 0, ,778* •1, 105 1. ,107 
28 0. 911 0, 821* 0. 835 0. 508 
29 0, ,815 1, ,306** 0, ,926 0. ,893 
30 0. 763 1. 509** 0. 810 1. 182 
*Significant at the 1% level. 
^^Significant at the 5% level. 
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are well adapted to all sites. High accession x environment interaction 
has been reported in S. sesban (Nyong'o, 1991b). Therefore, broadly 
adapted genotypes may not be the best approach to sesban breeding. For 
immediate reforestation needs in Kenya, broadly adapted genotypes may 
suffice until a larger number of accessions are investigated and their 
adaptability determined. Adaptability to good environments, like with 
the Kenyan accession 29, is of great practical value to a tree breeder. 
It means that coupling genetic improvement with silvicultural practices, 
like site preparation, irrigation and fertilization, may lead to greater 
gain. Between Ethiopian accession 2 and the Kenyan accession 9, the 
latter would be recommended for unfavorable environments since its mean 
was closer to the population mean (Figure 6.2). 
Genotype x environment interaction in S. sesban is large (Nyong'o, 
1991b) and as Wright (1975) pointed out, such large interaction that can 
be interpreted sufficiently to permit forecasts of where particular 
genotypes will excel or grow poorly, cannot be ignored. Though this 
study may not be conclusive, because it only deals with 8 accessions, it 
does show that genotype x environment interaction cannot be ignored in 
sesban breeding and a determination of the stability of genotypes is 
important. 
162 
REFERENCES CITED 
Bridgewater, F. E., and R. W. Stonecypher. 1978. Genotype x envronment 
interaction: Implicationds in tree breeding programs. Workshop 
Proceedings, Fifth North American Forest Biology Conference. Univ. 
of Fla., Gainesville. March 1978. 
Burdon, R. D. 1977. Genetic correlations for studying genotype x 
environment interactions in forest tree breeding. Silvae Genetica 
26(5-6):168-175. 
Burley, J., and R. H. Kemp. 1972. International tropical provenance 
trials and genotype x environment interactions. Proc. of Joint 
lUFRG-SABRAO Symp. Tokyo, Japan. 1972. 
Comstock, R. E. 1960. Dominance genotype x environment interaction and 
homeostasis. Biometrical Genetics, 3-9. Pergamon Press, New York. 
Comstock, R. E., and R. H. Moll. 1963. Genotype x environment interac­
tions. Pp 164-198 in W. D. Hanson and H. F. Robinson (eds.) 
Statistical Genetics and Plant Breeding. NAS-NRC Publ. 982, Wash­
ington, D.C. 
Eberhart, S. A., and W. A. Russell. 1966. Stability parameters for 
comparing varieties. Crop Sci. 6:36-40. 
Falconer, D. S. 1952. The problem of environment and selection. 
American Naturalist 86:293-298. 
Falconer, D. S. 1960. Introduction to quantitative genetics. The 
Ronald Press Company, New York. 365 pp. 
Falconer, D. S. 1981. An introduction to Quantitative Genetics. 2nd 
Edition. Longman, London. 340 pp. 
Finlay, K. W., and G. N. Wilkinson. 1963. The analysis of adaptation in 
a plant-breeding programme. Aust. J. Agric. Res. 14:742-754. 
Hanson, W. 1970. "Genotypic Stability." 2nd Mtg. Work. Group on Quant. 
Gen. lUFRO, Sect. 22, Raleigh, N.C., pp. 37-48. 
Hardwick, R. C., and J. T. Wood. 1972. Regression methods for studying 
genotype-environment interactions. Heredity 28:209-222. 
Nyong'o, R. N. 1991a. Variation in fuelwood potential of several 
accessions of S. sesban (L.) Merill. Unpublished manuscript. 
Department of Forestry, Iowa State University, Ames, Iowa. 
153 
Nyong'o, R. N. 1991b. Performance of eight accessions of Sesbania 
sesban (L.) Merill at two, five and eight months after planting. 
Unpublished manuscript, Department of Forestry, Iowa State Univer­
sity, Ames, Iowa. 
Onokpise, 0. U., and R. B. Hall. 1984. Genotype x environment interac­
tion in European black Alder (Aluus glutinosa (L.) Gaertn.) Pp. 
115-141 in Ph.D. disseration. Iowa State University, Ames, Iowa. 
Owino, F. 1977. Genotype x environment intaraction and genotypic 
stability in Loblolly pine. II. Genotypic stability comparisons. 
Silvae Genetica 26(1):21-26. 
Plaisted, R. L. and L. C. Peterson. 1960. A shorter method for evaluat­
ing the ability of selections to yield consistently over different 
locations or seasons. Ann. Potato Journal 36:381-384. 
SAS Institute Inc. 1985. SAS User's Guide: Basics, Version 5 Edition. 
Gary, NC: SAS Institute Inc. 1290 pp. 
Shelbourne, C. J. A., and R. K. Campbell. 1976. The impact of genotype 
X environment interactions on tree improvement strategy. lUFRO 
meeting on Advanced Germination Breeding, Bordeaux, France. June 
1976. 
Skukla, G. K. 1972. Some statistical aspects of partitioning genotype-
environmental components of variability. Heredity 30:237-245. 
Squillace, A. E. 1970. Genotype-environment interactions in forest 
trees. Pp. 49-61 in papers presented at the second meeting of the 
Working Group in Quantitative Genetics, Section 22, lUFRO, 1969. 
U.S.D.A. For. Serv. South For. Exp. Stn., New Orleans, LA. 
Tai, G. C. C. 1971. Genotypic stability analysis and its application to 
potato regional trials. Crop Sci. 11:184-190. 
Wricke, G. 1962. Uber eine methode zur erf assung der ekologischen 
streubreile in feldversuchen. Z. Pflanzenzucht. 47:92-96. 
Wright, J. W. 1976. Introduction to Forest Genetics. Academic Press, 
Inc. New York, NY. 463 pp. 
Yates, F., and W. G. Cochran. 1938. The analysis of groups of experi­
ments. J. Agric. Sci. Camb. 28:556-580. 
164 
GENERAL SUMMARY 
Too often in reforestation practices in Kenya, multipurpose trees 
(MPTs) are planted from seeds of unknown origin which often times are not 
the best seed sources. Improvement of tree growth is usually addressed 
from the management and silvicultural viewpoint without knowledge of the 
genetic background. This study was, therefore, an attempt to study the 
nature of variation present among several accessions of S. sesban and the 
magnitude of genotype x environment interaction that may be present 
within the species. The need for such information is important because 
S. sesban is now one of the most promising MPT's for use in Kenya and 
similar regions, yet there is very little information on its breeding 
requirements. Knowledge of variation present within a species is of 
practical value especially when seed source selection and large variation 
offer good chances for rapid improvement. Furthermore, knowledge of the 
nature of the variation present is of utmost importance in devising 
improvement techniques. 
Seed Pretreatment 
Even when the best seed source has been selected, seeds that experi­
ence dormancy need to be pretreated to ensure rapid germination and more 
uniform planting stock. The first issue that was addressed in this 
dissertation was seed pretreatment of four provenances of S. sesban and 
its effects on germination. The results showed clearly that there are 
distinct differences in dormancy and germination of the four prove­
nances. The Kitui provenance seemed to have little or no dormancy since 
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even without any form of pretreatment, it had an equally high germination 
percent and rapid rate of germination. A climatic rationale was attached 
to this response given that in Kitui temperature is always sufficiently 
high to permit germination given sufficient moisture. Being a semi-arid 
area with short rainy seasons, seeds have to take advantage of the first 
signs of moisture. A climatic rationale was also given to the perfor­
mance of Muringato seeds which were unresponsive to most pretreatment 
methods except the 1-hour hot water treatment at 100°C. Muringato is a 
high-altitude region with low temperatures but adequate annual rainfall ; 
therefore, the determining factor for biological processes is tempera­
ture. Generally, it was found that the S. sesban provenances respond 
differently to different pretreatment methods, therefore, it was recom­
mended that before any seeding program is undertaken, the right pretreat­
ment method should be determined for the respective provenances. As far 
as the methods were concerned, certain recommendations were also made. 
In general, the hot water treatment was found to be the most ideal, 
however, care should be taken with initial water temperature and also the 
length of soaking time. The sulphuric acid treatment was successful with 
some provenances but should be used with caution for it can damage seeds 
and lead to the death of embryos. Kariuki and Powell (1988) found that 
sulphuric acid was harmful to BrachestigLa spiciformis seeds as it led to 
the death of the seeds. The tepid water treatment was found to have no 
or little effect on germination of the provenances except Kitui where it 
enhanced germination. 
166 
Symbiotic Effectiveness 
The basis of this study was to determine if there are benefits that 
can be obtained by inoculating provenances of S. sesban with their 
specific strains of rhizobia. The two main questions asked were whether 
S. sesban inoculation enhances its growth and yield and whether there is 
any provenance variation as far as response to inoculation is concerned. 
Sesbania has been rated as one of the top nitrogen-fixing trees and, 
therefore, an understanding of the likely nodulation response is essen­
tial for its successful use as a reforestation species. It is recognized 
(FAQ, 1984) that it is often beneficial to inoculate newly developed or 
introduced legumes even though the same species may have been grown 
previously and that though nodulation may not guarantee any benefits in 
terms of yield, it results in a beneficial association when soil nitrogen 
is low. 
Among the twelve accessions used in this study were accessions from 
within Kenya, Rwanda, Egypt, Uganda, Ethiopia, and Pakistan. The traits 
considered were height, leaf color, number of nodules, shoot fresh and 
dry weights and root fresh and dry weights. These parameters were 
estimated on four-month-old nursery seedlings. Accession variation was 
found to be statistically significant among all the traits. All the non-
inoculated seedings had nodules except the Ethiopian accession. This 
suggested that there was native rhizobia in the nursery soil although 
their effectiveness varied with accessions. To scale the response in 
terms of symbiotic effectiveness (S.E. = dry weight when inoculated/dry 
of weight N controls), the accessions with relatively high S.E. were 
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Ugandan accession (15021), Kitale and accessions 10865 with values of 
over 60%. The rest of the accessions had S.E. values of less than 45% 
with the Pakistani accession having the lowest at 11.4%. As a result of 
the variation present it is important to study specific interactions 
between host and the bacterial genotype that affects S.E. The amount of 
nitrogen fixed is determined by the closeness of the nitrogen fixing 
compatibility between plant and bacterium and of the total environment, 
of which climate and host nutrition are probably most important. 
Investigating such a complex system in detail in one experiment has, 
therefore, its own technical difficulties (Bell and Nutman, 1971). 
The correlation among the traits were also estimated. It was found 
that nodule count was not a good criterion for assessing effectiveness, 
since it had low correlation (0.57) with dry matter yield. It was 
recommended that the easiest and probably the best criterion to use in 
assessing fixation is probably dry weight of the aerial parts. 
Because of the large accession variation in response to inoculation 
a determination of which accessions require inoculation and which can 
take advantage of native rhizobia in the soil need to be done. 
Variation in Fuelwood Characteristics 
Almost 80% of Kenya's population depends on woodfuel as a source of 
energy. However, because of increasing population and deforestation, one 
of the biggest problems is the scarcity of woodfuel. It has, therefore, 
become necessary to produce biomass energy from within farms. Sesbania 
wood has been reported to have good fuelwood characteristics (Onim & 
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Otieno, 1989; von Carlowitz, 1989; Thomson, 1989). However, most of the 
studies that have gone into studying fuelwood potential of S. sesban have 
been at the species level. It was, therefore, necessary to undertake 
this part of the study to determine the extent of variation in several 
wood properties among accessions of S. sesban at five different sites in 
Kenya. The study looked at variation in wet and dry wood densities, 
fuelwood volume, moisture content and growth traits, such as height and 
basal diameter. In addition, the interrelationships among these traits 
were also studied. 
Among the sites tested (Got Ramogi, Ratta, Muguga, Turbo, Katumani), 
Got Ramogi may not be a good site for sesban growth due to the low 
survival and the general poor performance of the trees planted there. 
The site is semi-arid and has relatively shallow soils and the soils tend 
to get waterlogged during the rainy season. The results agree with what 
Hedge (1989) observed that even though S. sesban is adopted to a wide 
range of soils, it performs poorer than S. grandiflora in shallow soils 
and under moisture stress. There was significant variation among the 
accessions and lack of consistency of accession effects from one site to 
another indicating accession x site interaction. This was evident in the 
change in the performance rankings of the accessions at the different 
sites. Six accessions were rated to have performed the best, taking all 
traits into consideration across the sites. These accessions included 
Rwanda (16), Ethiopia (6), Kenya (14), Uganda (20), Kenya (28) and Congo 
(13) all originating from Kenya and countries that are close to Kenya 
latitude-wise. Seed sources from India and Pakistan performed relatively 
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poorly indicating that long distance movement of seeds should be dis­
couraged . 
Specific gravity was found to be positively and significantly 
correlated with all the other traits except with moisture content where 
there was a significant but negative correlation. The positive correla­
tion found between specific gravity and volume, however, contradicted 
Onim et al.'s (1989) finding that there is a negative and significant 
association between the two. Specific gravity was also found to have a 
positive correlation with height which suggests than an increase in 
growth can be associated with an increase in specific gravity. However, 
there are conflicting observations in literature regarding growth rate 
and specific gravity in several species (Koch, 1967; Zobel & Talbert, 
1984; Hillis & Brown, 1978; Scott & MacGregor, 1952; Schonau, 1982; 
Oteng-Amoako et al., 1983). The inverse relationship between specific 
gravity and moisture content suggests that calculating green tons for 
trees may not be a reliable indication of yield of dry wood (Zobel & van 
Buijtenen, 1989). 
Performance at Different Ages 
The main aim of this section was to look at the performance of S. 
seshan accessions at different ages and determine whether selection can 
be done at an earlier age. The traits studied were unique in nature, in 
that they were not the typical traits usually emphasized in plantation 
forestry. They are traits that would determine fuelwood, fodder and soil 
improvement potentials of the species. These traits were branchiness. 
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length of live crown, branch length, foliage abundance in addition to 
height and basal diameter. In this part of the study, to avoid un­
balanced data, only 8 accessions and four of the six sites were selected 
for further analysis. The sites included were Eldoret, Ratta, Katumani 
and Muguga. Of the accessions, there were four Kenyan accessions, 1 
Ethiopian, 1 Niger, 1 Egyptian and one of unknown origin. 
With all the traits, accession x age interaction was not, significant 
indicating that selection can be done as early as two months after 
planting. However, accession x site interaction was highly significant, 
thus, selection cannot be done at one site for planting at the other 
sites. To identify outstanding accessions per site, a grading procedure 
used by IGRAF to measure percent trait superiority (PTS) in the various 
traits was used. Results ranged from 65% to -52%. Accessions were 
recommended for particular sites depending on their PTS. Points were 
assigned to the PTS values and then the total number of points attained 
by each accession at each site with all the traits combined were com­
puted. As a result of this, accessions 2, 8 and 11 were found to have 
average to poor performance across the sites and, therefore, were not 
recommended for any site. Whereas accessions 29 and 30 performed well 
across the sites and can be considered for planting at any one of the 
four sites. 
All the traits were found to be positively correlated with each 
other. Therefore breeder selecting for any one of these traits would 
automatically be selecting for all the others. 
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Heritability 
This part of the study aimed at estimating heritability within 
sites, with sites combined within ages and the site and ages combined. 
It also aimed at determining the interrelationships among the several 
growth traits. While heritability estimates were important in estimating 
gains that can be obtained from selection programs (Wright, 1976), 
genetic correlations are useful in indicating the degree to which one 
trait will change as a result of a change in another trait (Zobel & 
Talbert, 1984). 
The same sites, accessions and traits (except foliage abundance) 
that were used in the previous study were analyzed in this section. 
Foliage abundance was exempted because of the subjective method used in 
its estimation. Heritability estimates were found to be lower at 
Katumani and Muguga indicating that the sites had more environmental 
variation. The lowest heritability estimate was 0.23 for height at 
Muguga and basal diameter at Katumani. Estimates were highest at the 
Eldoret site indicating more influence of genetic control at that site. 
Generally, the values obtained showed relatively moderate to high 
heritabilities for all traits making success in genetic improvement 
possible in S. sesban. It was recommended that genetic improvement in 
this species should be done at an early age because of its fast growth 
and early flowering which begins within six months of growth (field 
observations). Good genetic gains are, therefore, possible from a 
selection program. 
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Genotype x Environment Interaction 
Although the issue of genotype x environment interaction was touched 
on in other sections, this section aimed at examining the stability of 
performance of accessions of S. sesban across the sites using Finlay and 
Wilkinson's (1963) regression analysis method. Several traits were 
subjected to this technique, however, height was selected as the trait 
for discussion. A wide range (0.810-1.680) in regression coefficient for 
height was found. It was speculated that this may have been due to the 
fact that the accessions had not undergone any strong selection process 
for the sites. One Kenyan accession and the Ethiopian accession had b 
values of less than 1.0 which indicated above average stability. Two 
Kenyan accessions were found to be generally well adapted to all sites 
whereas the accessions from Niger and Egypt were found to be poorly 
adapted to all sites. Kenyan accession 29 was the only accession with 
below average stability. Because of the relatively large standard 
errors, in addition to the fact that there were no b values close to 0, 
it was concluded that all the accessions were generally unstable in their 
response to the environment. 
Genetic Improvement of S. sesban 
The first consideration that should be given to any genetic improve­
ment program of S. sesban is improvement in germplasm collection and 
documentation. This problem was covered in the general introduction 
section and is also evident by the lack of information on several 
accessions used in this research work. Germplasm collection should be 
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done throughout the species natural range to ensure better representa­
tion. Provenance testing at several sites would thereafter be necessary 
to enable provenance selection for specific sites. The high provenance x 
site interaction implies that broadly adapted genotypes may not be the 
best approach to sesbania breeding but rather genotypes that are specifi­
cally adapted to specific environments. This would be especially 
practical in Kenya where there is a wide diversity of environments, from 
semi-arid, sub-humid to humid types of climates. Adaptability of an 
accession to good environments, like with the Kenyan accession 29, is of 
great practical value to a tree breeder. It means coupling genetic 
improvement with silvicultural practices like site preparation, irriga­
tion and fertilization may lead to greater gain. 
As mentioned above, range-wide provenance tests are needed to 
determine conditions to which a seed source is adapted. From these 
provenance tests, phenotypic selections of outstanding trees, can then be 
carried out, to constitute the initial breeding population. This 
selection would be aimed at improving fodder/mulch productivity and 
quality; fuelwood volume productivity; and developing locally adapted 
provenances for specific areas. Seeds from these trees would then be 
collected and used to establish a seedling seed orchard. A seedling seed 
orchard is recommended for S. sesban because of its early flowering and 
it would also be the simplest approach. The orchard would be for mass 
production of seeds for reforestation purposes but at the same time used 
also for breeding purposes. Control pollinated progeny tests are also 
recommended for development of populations to be used in advanced 
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generation breeding. Such tests would be used to estimate general 
combining ability (GCA) so that further selection could be based on GCA. 
The tests would also be useful in investigating juvenile-mature correla­
tion to assess the possibility of early selection which advances progress 
in breeding work. Possible other uses of these progeny tests would be 
evaluation of self-pollinated crosses as indicators of vigor, source of 
inheritance data, and guarding against inbreeding. The type of mating 
design used in such progeny trials would depend on the costs and effec­
tiveness. The best trees of best families would then be selected to form 
second generation production orchard which would be used for subsequent 
breeding work. The large genetic differences and high heritabilities 
that are evident in this species makes potential for improvement high. 
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